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ABSTRACT
Experiments were conducted in 1979 to determine the genet ic  
and environmental in f luences  on e a r ly  and t o t a l  y i e ld  in segregat ing 
populat ions o f  several  tomato c ro sse s .  Five tomato breeding parents  
were used t h a t  showed cons iderab le  d i f f e ren c e s  in to ta l  y ie ld  
and e a r l i n e s s .  L401, an e a r ly  maturing breeding pa ren t ,  was crossed 
with L414, a l a t e  maturing breeding pa ren t ,  to study inher i tance  
o f  e a r l i n e s s .  The cross  of 'VF65-4331, a midseason maturing c u l t i v a r ,  
and L401 was a lso  used to  study t h i s  c h a ra c te r .  The F  ̂ hybrid of 
both c rosses  produced as many r ipe  f r u i t  as the e a r ly  paren t ,
L401. The l a t e  maturing pa ren t ,  L414, was s i g n i f i c a n t l y  lower 
in y i e ld  than both F^ hybrids .
For the  c ro s s ,  L414 X L401, the  p la n t  frequency d i s t r i b u t i o n s  
fo r  e a r ly  matur i ty  of  the  ancl backcrosses exceeded the range 
of  e i t h e r  parent  in e a r ly  f r u i t  weight in d ic a t in g  t r a n sg re s s iv e  
in h e r i ta n c e .  In g e n e ra l ,  p la n t  d i s t r i b u t i o n  fo r  mean ea r ly  f r u i t  
numbers per p lan t  was s im i l a r  to those  fo r  the  mean ea r ly  f r u i t  
weight per p lan t  fo r  the  cross  L401 X L414. H e r i t a b i l i t y  est imates  
as c a lcu la te d  by the t o t a l  variances of  the  F^ and backcross 
generat ions  were used to  study the  port ion  o f  v a r i a t io n  in the 
segrega t ing  population t h a t  was due to gene ac t io n .  H e r i t a b i l i t y  
es t im ates  fo r  e a r ly  y i e l d  components depended on the parental  
combination. Estimates o f  h e r i t a b i l i t y  c a lcu la te d  fo r  ea r ly  
f r u i t  numbers and weight were 48.0 and 79, r e s p e c t iv e ly ,  fo r
the cross L401 X L414. Estimates of h e r i t a b i l i t y  fo r  ' VF65-4331 X 
L401 were negat ive  values.
Conclusions from the  e a r ly  m atur i ty  s tud ies  were t h a t  i n d i ­
vidual p lan t  s e l e c t i o n s  f o r  e a r ly  m atur i ty  may be f e a s ib l e  only 
fo r  parents  t h a t  d i f f e r  g r e a t ly  in m atur i ty  da te s .  In the  
in he r i tan ce  o f  t o t a l  y i e l d  s t u d i e s ,  h e r i t a b i l i t y ,  na ture  o f  gene 
a c t io n ,  and mode of in h e r i t a n c e  was s tudied  fo r  f r u i t  weight and 
numbers. Environmental in f luences  masked the  e f f e c t s  of  genes 
in many cases .  The frequency d i s t r i b u t i o n  o f  the  p lan ts  in the 
progenies of f iv e  c rosses  f o r  f r u i t  number c h a r a c t e r i s t i c  produced 
a skewness in the backcrosses toward high f r u i t  number in four 
out  of  f iv e  cases .  Parental  l in e s  d i f f e r e d  in combining a b i l i t y  
fo r  t o t a l  f r u i t  weight and f r u i t  numbers.
H e r i t a b i l i t y  e s t im a te s  f o r  a l l  c rosses  fo r  t o t a l  y i e ld  as 
measured were very low. H e r i t a b i l i t y  es t im ates  of  t o t a l  y ie ld  
were masked by a s t rong  environmental inf luence  which r e su l te d  
in negat ive  values in some cases .  Se lec t ion  fo r  y i e ld  in ea r ly  
f i l i a l  genera t ions  should be by massing the best  high y ie ld in g  
p lan ts  with good h o r t i c u l t u r a l  c h a r a c t e r i s t i c s  fo r  subsequent 
t e s t i n g  and r e s e l e c t i o n .
INTRODUCTION
Early m atur i ty  and to ta l  y i e ld  of tomato c u l t i v a r s  a re  of  para­
mount importance to any f resh  market tomato grower. I t  i s  an im­
por tan t  measure o f  the  t o t a l  re tu rns  and p r o f i t a b i l i t y  o f  a tomato 
e n t e r p r i s e .  Fresh market tomato producers depend on e a r ly  y ie ld  
of f r u i t  t h a t  br ing higher p r i c e s ;  whereas, processor  type tomato 
growers depend on to ta l  y i e ld  o f  sound r ipe  f r u i t .  Early matur i ty  
and t o t a l  y i e ld  a re  a f f e c te d  by a l l  of the environmental condit ions  
in f luenc ing  the growth of  the  tomato p lan t  as well as the  hered i ty  
of the p la n t .  The inheren t  capac i ty  fo r  y i e ld  i s  expressed through 
morphological f e a t u r e s ,  such a s ,  numbers of f r u i t s  and weight per 
f r u i t .  However, n e i th e r  one o f  these  components can be an abso lu te  
index fo r  y i e l d .  An increase  in e i t h e r  one r e s u l t s  in an increased 
to t a l  y i e ld  i f  th e re  i s  no decrease in the  o th e r  component. The 
he red i ty  of  y i e ld  components has no meaning unless the  e f f e c t  of 
the environment i s  considered.  Genes cannot cause a c h a rac te r  to 
develop unless i t  has the  proper environment. Conversely, the en­
vironment cannot cause a c h a ra c te r  to  develop unless  genes fo r  t h a t  
ch a rac te r  are  p resen t .  The por t ion  of y i e ld  t h a t  i s  due s t r i c t l y  
to the  e f f e c t s  o f  genic ac t ion  is  r e fe r red  to as h e r i t a b i l i t y .  The 
port ion t h a t  i s  h e re d i ta b le  i s  of ten  discussed in l i t e r a t u r e  on 
tomato breeding, but l i t t l e  information has been reported  on the 
port ion of y ie ld  t h a t  i s  inf luenced by genes. H e r i t a b i l i t y ,  gene 
a c t io n ,  and mode of  in h e r i ta n c e  are  a l l  means of increas ing  the
1
2
genet ic  knowledge of q u a n t i t a t i v e  c h a ra c te r s .  Through increased 
genet ic  understanding a b e t t e r  choice can be made in planning and 
executing a tomato breeding program.
The o b jec t ive s  of  t h i s  study were to :
1. Determine the  h e r i t a b i l i t y  of e a r ly  and
to ta l  y i e ld  of  tomato f r u i t s ,
2. Study the  mode of  in h e r i ta n c e  of  ea r ly
and to t a l  y i e l d  of  tomato f r u i t s ,
3. Study the  ac t io n  of genes c o n t ro l l in g
e a r l i n e s s ,  and
4. Study the  ac t io n  o f  genes c o n t ro l l in g
tomato f r u i t  numbers and weights.
REVIEW OF LITERATURE
The c u l t i v a t e d  tomato, Lycopersicon esculentum m i l l . ,  i s  
na t ive  to  t ro p ic a l  America (7, 14, 16, 38, 44, 47). The most 
l i k e l y  wild a n c e s to r ,  the  wild cherry tomato, Lycopersicon escu­
lentum var.  c e r s i fo rm e , is  found throughout t ro p ic a l  and sub trop ica l  
regions of  America (38).  All r e l a te d  wild species  of  the c u l t i v a t e d  
tomato a re  n a t iv e  to the  Andean region ,  now encompassed by pa r t s  
of Chi le ,  Columbia, Ecuador, Bo l iv ia ,  and Peru (14, 38).
There a re  no known p r e h i s to r i c  remains,  s c u lp tu re ,  or 
ceramics to record the e a r ly  c u l tu re  of  the  tomato, as in the  
case of  maize, kidney beans, lima beans, and squash in North 
America and wheat in Egypt (14, 38). Evidence of  e a r ly  domesti­
ca t ion  was found in Aztec drawings in caves in lower Mexico (38). 
These drawings show the tomato being c u l t i v a t e d  with maize.
Fell (14) noted t h a t  because of  i t s  pe r ishab le  na ture  and the 
lack of  means of  p rese rva t ion  the tomato probably a t t a in e d  very 
l i t t l e  importance in the  l iv e s  of the  people in the  region of 
domest ica t ion .  Therefore ,  we have no idea of i t s  a n t iq u i ty .
Several i n v e s t ig a to r s  have reported t h a t  Peru i s  the region 
of domesticat ion o f  the tomato (7, 16, 45). However, recen t  
evidence repor ted  in 1978 by Rick (38) contends t h a t  Mexico is  
the probable region of  domestication because o f  r e s u l t s  obtained 
from comparing h e r i t a b l e  enzymes between o lder  European c u l t i v a r s  
and the p r im i t ive  c u l t i v a r s  of Mexico. These comparisons revealed
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much g re a te r  s i m i l a r i t i e s  between Mexican c u l t i v a r s  and our p resen t  
c u l t i v a r s  than c u l t i v a r s  obtained in the  Andean region.
According to various workers (6, 14, 48) ,  the  word tomato
could have been derived from several  sources . Boswell (6 ) ,  Young 
and MacArthur (50) repor ted  t h a t  tomalt  or tomati were used by 
the anc ien t  Mexicans. Work (48) noted th a t  Solon in 1695 f i r s t  
used the word tomato, which was poss ib ly  derived from the Aztec 
word x i to tom ato .
Columbus on his second voyage to America i s  believed to have 
c a r r i e d  tomatoes back to Europe (14, 38, 45). Fell (14) gives 
c r e d i t  to  16th century Spanish p r i e s t s ,  who were always 
a l e r t  fo r  p lan ts  t h a t  had cu l in a ry  or medicinal va lue ,  as being 
respons ib le  fo r  the in t rod u c t io n  of  the  tomato in to  Europe.
The f i r s t  published r ep o r t  of  tomato by a European b o ta n i s t
was in 1554 by P ie r  Andrea M at t io l i  (38). Although the tomato
was known to be found elsewhere in Europe, Boswell (6) reported  
t h a t  i t  was grown in England in the  17th century  only fo r  orna­
mental purposes. Fell (14) reported  t h a t  by the end of the 
18th century the tomato was grown and used e x ten s ive ly  fo r  
food in I t a l y .
The f i r s t  r ep o r t  of  the c u l t i v a t io n  o f  tomatoes in North 
America was c re d i te d  to William Salmon in 1710 (38). According 
to  Stoner (43),  the tomato was then grown as an ornamental .
F i f ty  years or more l a t e r ,  Thomas Je f fe rso n  was c re d i te d  with a 
r e p o r t  t h a t  tomatoes were grown fo r  food in V irg in ia .
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Numerous workers have c i t e d  evidence t h a t  tomatoes were used 
to produce catsup in New Orleans in 1779 (6, 7, 45, 48) and th a t  
tomatoes were o f fe red  fo r  s a le  on the  New Orleans market as ea r ly  
as 1812 (6,  7).
Tomatoes became popular as a vegetable  in the  period of  
1835 to 1850 (14, 45). Boswell (6) s t a te d  t h a t  only s ix  or  seven 
c u l t i v a r s  were grown in the  United S ta te s  p r i o r  to 1860, and these  
were most probably from England or  France. The f i r s t  American 
c u l t i v a r ,  T i lden ,  r e leased  in 1865 was the r e s u l t  of  a chance 
seedl ing  in a f i e l d  of  a v a r i e ty  whichwasnot  recorded (6, 7). 
According to Boswell (6 ) ,  the  Trophy c u l t i v a r ,  a c ross  between 
Large Red and Early Red Smooth, re leased  in 1870, was involved in 
the parentage o f  most c u l t i v a r s  introduced un t i l  1900, the Trophy 
c u l t i v a r  had p r a c t i c a l l y  ceased to e x i s t .
Ware (45) contends t h a t  from 1895 to the presen t  time, the 
important developments in tomato c u l t i v a r s  include (1) improvement 
of  ex t ra  e a r ly  v a r i e t i e s ,  (2) development of d isease  r e s i s t a n t  
s t r a i n s ,  and (3) improvement of  p lan t  type and f r u i t  q u a l i ty .
Early workers (6, 37) studying the mode of  in h e r i tance  of 
s p e c i f i c  ch a rac te r s  of  the  tomato in v es t iga ted  cotyledon s ize  
and shape, l e a f l e t  su rface  s t r u c t u r e ,  and p lan t  s t r u c tu r e .
Most of these  c h a rac te r s  represen ted  s ing le  f a c to r  d i f f e ren ces  
(6, 37).
All species  of  the genus Lycopersicon have been reported 
to have twelve pa i r s  of  chromosomes (38, 46). There are  p resen t ly
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116 genes i d e n t i f i e d  on the twelve chromosomes o f  the tomato (46). 
Genes fo r  m atur i ty  have been shown to e x i s t  on chromosome
I (11, 12).
Currence (11) crossed a l a t e  homozygous rec ess ive  parent  
having genes d, p, o, and s on the  f i r s t  chromosome with an e a r ly  
homozygous paren t  fo r  D, P, 0, and S and then backcrossed the 
to the  rec e s s iv e  pa ren t .  He found th a t  genes on t h i s  chromosome 
caused a d i f f e r e n c e  o f  19 ± 0.85 days in the  time of  r ipen ing .
Data on d i f f e r e n t  t e s t s  suggested t h a t  f a c to r s  a f f e c t i n g  e a r l i n e s s  
were loca ted  in regions of D, P, and S. The region did not  appear 
to have any e f f e c t  on time o f  m atu r i ty .  The gene or genes in 
the D region hastened m atur i ty  by approximately nine days.
The S region had a v a r ia b le  e f f e c t  on the  presence of d i f f e r e n t  
combinations o f  o th e r  f a c t o r s .
In a l a t e r  experiment by comparing c e r t a in  phenotypes,
Currence (12) found t h a t  the  f i r s t  chromosome had an e f f e c t  of  
19.4 ± 0.47 days on m atu r i ty  of f r u i t .  Associated with Dd 
genes was a d i f f e r e n t i a l  of  about e ig h t  days, and the e f f e c t  
was approximately f iv e  days with Pp genes. The r e l a t i v e l y  long 
chromosome sec t ion  between p and s conta in ing  the o qene had 
l i t t l e  or  no e f f e c t  on e a r l i n e s s .  The Ss gene region a ffe c te d  
m atur i ty  by four  to e ig h t  days depending on the presence or absence 
of o th e r  genes fo r  e a r l i n e s s .  Testing the germination o f  seeds 
from d i f f e r e n t  phenotypes showed th a t  the Ss region delayed 
germinat ion. Currence (11) concluded th a t  t h i s  e f f e c t  may have
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r e s u l te d  in the  d e f i c i e n t  numbers of  rec es s iv e  genes t h a t  occurred 
in the  backcross populat ion.
Currence (12) f u r t h e r  reported t h a t  an i n t e r a c t i o n  of  genes 
fo r  e a r l i n e s s  tended to reduce the e f f e c t  of  o the r  e a r l i n e s s  
genes. The data  suggested t h a t  genes o th e r  than d, p, o, and s in 
the  f i r s t  chromosome a f fe c te d  the r a t e  of  development very e a r ly  in 
the l i f e  cycle of  the  p lan t  s ince time requ ired  fo r  germination 
and germination percentages were a f f e c te d .
At the North Dakota Experiment S ta t ion  in 1919, Yeager (49) 
s tud ied  e a r l in e s s  of  the  tomato in h is  breeding work. He wanted 
to develop c u l t i v a r s  adapted to  a r a th e r  sh o r t ,  dry season in a 
region of  wide temperature  extremes in North Dakota. Growing 
condit ions  were in general unfavorable fo r  tomato production. 
Cu l t ivars  developed by Yeager u n t i l  1937 (16) were a l l  e a r ly  
with moderate y i e ld s  on comparatively small p lan ts  (6) which 
were adapted to the North Dakota region.  One of the  c u l t i v a r s  
developed by Yeager, F a r th e s t  North (a cross  between Bison and 
Red Currant c u l t i v a r s ) ,  was extremely ea r ly .
Several workers have reported t h a t  e a r l i n e s s  i s  q u a n t i ­
t a t i v e l y  co n tro l le d  (3,  6, 11, 12, 33, 34, 35, 49, 50, 51). In 
ea r ly  versus l a t e  m atur i ty  c ro s se s ,  numerous in v e s t i g a to r s  reported 
t h a t  the  behavior was in te rmedia te  and the F  ̂ population 
conta ined a l l  g rada t ions  of  m atur i ty  (33, 34, 35, 49, 51).
According to A l la rd ,  (1) q u a n t i t a t i v e  or  metr ica l  cha rac te r s  
can be i d e n t i f i e d  a cc u ra te ly  only in terms of  m et r ic s .  Falconer (13)
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f u r th e r  reported  t h a t  q u a n t i t a t i v e  d i f f e ren c e s  a re  dependent on 
gene d i f fe ren c e s  a t  many l o c i ,  the  e f f e c t s  of  which a re  not i n d i ­
v idua l ly  d i s t in g u i s h a b le .
The methods o f  study in q u a n t i t a t i v e  gene t ic s  d i f f e r  from 
those employed in Mendelian g e n e t ic s .  According to Falconer (13), 
Mendelian r a t i o s  a re  not displayed by q u a n t i t a t i v e  d i f f e ren ces  
and methods of  mendelian ana lys is  a re  in ap p rop r ia te .  However, 
the  in h e r i ta n c e  of  q u a n t i t a t i v e  d i f f e ren c e s  depend on several 
genes which are  t ransm issab le ,  and each gene d isp lays  q u a l i t a t i v e  
d i f f e ren c e s  (13). The th e o r e t i c a l  bas is  of  q u a n t i t a t i v e  genet ics  
was e s tab l i sh ed  by the works of Fisher  and Hal done (13),  and Wright 
(13, 21).
Falconer (12) repor ted  t h a t  s ince  r a t i o s  cannot be observed 
in q u a n t i t a t i v e  genes the  u n i t  of study must be extended to popu­
l a t i o n s  or l a r g e r  groups of  in d iv id u a ls  comprising many progenies.
The nature  of the d i f f e ren c e s  to be s tud ied  requ i re s  the q u a n t i ­
t a t i v e  measurement of  the  ch a rac te r  and not j u s t  i t s  c l a s s i f i c a t i o n  
(1, 13, 21, 31, 41).
Various in v e s t i g a to r s  have divided the components of  e a r l in e s s  
in to  s tages  from time o f  seeding to r ip e  f r u i t  (24, 26, 33, 34).
Lyon (26) and Powers and Lyon (33) s tud ied  the in h e r i tan ce  of durat ion 
of s tages  of e a r l i n e s s  between Lycopersicon esculentum and Lycoper­
sicon pimpinel1ifo l ium c rosses .  Ear l iness  was divided in to  (1)
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number of  days from seeding to f i r s t  bloom, (2) number of  days 
from f i r s t  bloom to  f i r s t  f r u i t  s e t ,  and (3) number of days from 
f i r s t  f r u i t  s e t  to f i r s t  complete change of  co lor  on any f r u i t .
The sum of  these  s tag es  represented  the number of  days from 
seeding to f i r s t  r ip e  f r u i t  and could be a measure o f  e a r l in e s s  
o f  the m atur i ty  c h a ra c te r .  The mean of the  genera t ion  was 
s i g n i f i c a n t l y  higher than t h a t  of  the ea r ly  parent  and d i f f e r e d  
s i g n i f i c a n t l y  from both a r i th m e t ic  and geometric means of  the 
p a ren ts .  A d i f fe ren c e  of  seven days was found between means of 
parents  from p lan t ing  to  f i r s t  bloom. The means did not 
conform to the p red ic ted  means based on the assumption th a t  
the  e f f e c t s  of the  genes were geometr ica l ly  cumulative and dominant 
as exh ib i ted  by the  genera t ion .  Very small d i f fe ren c e s  were 
observed in the period from f i r s t  bloom to f i r s t  f r u i t  s e t .  
S ig n i f i c a n t  d i f f e r e n c e s  were obtained between parents  in the 
period from f i r s t  f r u i t  s e t  to  f i r s t  complete change of co lor .
The F  ̂ generat ion showed h e te ro s i s  in t h i s  s tage of e a r l i n e s s .
According to Powers and Lyon (33), h e te ro s i s  fo r  e a r l in e s s  
in the F  ̂ may be determined by comparing the expression of  a 
ch a rac te r  in the F  ̂ with the  parental  express ion .  Experimental 
r e s u l t s  ind ica ted  t h a t  in each s tage of development h e te ro s i s  was 
exh ib i ted  fo r  e a r l i n e s s  in some c rosses .  Heterosis  was found 
to be dependent upon both genotype and environment. The method 
used in t h i s  experiment involving comparisons of  the  obtained 
mean of  a given genera t ion  with pred ic ted  a r i th m e t ic  and geometric
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means c a lc u la te d  from obtained parental  and means was of  
l i t t l e  value.  This method was of  l i t t l e  value as regards the 
data  in determining whether the na ture  o f  the  i n t e r a c t i o n  of  the 
genes were a r i t h m e t i c a l l y  or  geometr ica l ly  cumulat ive.  Any 
d i f f e r e n c e  noted in e a r l i n e s s  when number of  days from p lan t ing  
o f  the  seed to  f i r s t  complete f r u i t  co lo r  change was a c r i t e r i o n  
which merely ind ica ted  the r e s u l t  o f  a summation of  s tage  d i f f e r ­
ences.
Kerr (24) reported  t h a t  e a r l in e s s  was influenced by periods 
in the development of  the  tomato p lan t .  These periods were 
(1) seed germination to blossom, (2) blossom to f r u i t  s e t t i n g ,
(3) f r u i t  s e t t i n g  to r ipen ing ,  and (4) f i r s t  harvest  to  peak 
h a rv e s t . .  When comparing e a r l y ,  midseason, and l a t e  v a r i e t i e s ,  
most of  the  d i f fe ren c e s  found in e a r l in e s s  were in the  in te rv a l  
assumed to be e a r ly  because they s e t  a t  lower temperatures than 
l a t e  c u l t i v a r s .  The period between f i r s t  ha rves t  and peak harves t  
was observed to be s h o r t e r  in determinate  c u l t i v a r s  than in i n ­
determinate  c u l t i v a r s  because the  f r u i t  c lu s t e r s  were separa ted 
by fewer leaves .
Burdick (3) compared e a r l in e s s  during th ree  d i f f e r e n t  develop­
ment periods fo r  se lec te d  tomato hybrids and pa ren ts .  The periods 
were from (1) time o f  germination to f i r s t  flower of  f i r s t  i n ­
f lo re sc en c e ,  (2) from f i r s t  flower of  f i r s t  in f lo re scen ce  to 
f i r s t  flower of second in f lo re sc en c e ,  and (3) from f i r s t  flower
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of  second in f lo re scence  to  f i r s t  r ip e  f r u i t .  Eight inbred l in e s  
and a l l  t h e i r  combinations were used and r e s u l t s  ind ica ted  t h a t  
e a r l i n e s s  was one of  the  p r in c ip le  m an i fes ta t io n s  o f  h e te ro s i s  
in the  c ro sse s .  However, c e r t a in  o f  the  hybrids f a i l e d  to show 
h e te ro s i s  a t  any time during the  maturat ion of  f r u i t .  An index 
of  h e te ro s i s  was e s t a b l i s h e d  based on growth r a t e  and s iz e  of 
hybrid p la n t s .  The h e t e r o t i c  hybrids grew f a s t e r  than p lan ts  
o f  the  f a s t e r  growing paren t .
Powers e t  a l . (35) p a r t i t i o n e d  e a r l i n e s s  in to  four periods 
by the percentage of  f lowers t h a t  s e t  f r u i t .  The periods were 
(1) from seeding to  f i r s t  f r u i t ,  (2) from seeding to f i r s t  bloom, 
(3) from f i r s t  bloom to  f i r s t  f r u i t  s e t ,  and (4) from f i r s t  f r u i t  
s e t  to f i r s t  r ip e  f r u i t .  The hybrid populat ion o f  F^, F2 , and 
backcross genera t ions  was obtained from the c u l t i v a r  Ponderosa 
crossed with c u l t i v a r  P o r te r .  The Por te r  c u l t i v a r  averaged twelve 
days l e s s  from seeding to f i r s t  bloom than the l a t e  paren t .
The variance means and condensed frequency of  the  d i s t r i b u t i o n  of  
the F2  and BC progenies showed t h a t  th ree  major gene p a i r s  d i f f e r ­
e n t i a t e d  the  paren ts  from seeding to f i r s t  bloom. The period 
from f i r s t  bloom to f i r s t  f r u i t  s e t  was found to be c o n tro l led  
by a completely phenotypic dominant c h a ra c te r  as ind ica ted  by 
the  means of parents  and F^. The data  support  the hypothesis 
t h a t  t h i s  period was d i f f e r e n t i a t e d  by th ree  major gene p a i r s .
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In the period from f r u i t  s e t  to  f i r s t  r ip e  f r u i t ,  the mean var iance ,  
the  individual  p lan t  d a ta ,  and frequency d i s t r i b u t i o n  confirmed 
the hypothesis  t h a t  P o r te r  and Ponderosa c u l t i v a r s  were d i f f e r e n t  
by two major gene p a i r s  fo r  t h i s  per iod .  The parents  as regards 
the  period from seeding to  f i r s t  r i p e  f r u i t  were assumed to be 
d i f f e r e n t  by a t  l e a s t  e ig h t  major p a i r s  i f  none o f  the  major 
gene p a i r s  d i f f e r e n t i a t i n g  the component c h a rac te r s  e x h ib i t  
p le io t ro py .  The genes tending to produce s h o r te r  periods showed 
evidence of  being completely dominant. I t  was a lso  recognized 
t h a t  four  major genes c o n t ro l l e d  the  percentage of  f lowers .
Hanna and Wittwer (20) s tud ied  the  in h e r i ta n c e  o f  e a r l in e s s  
of flowering by making rec ip roca l  c rosses  between an e a r ly  f lower­
ing and a l a t e  f lowering cu l t iv a r .  They recorded the  flowering 
behavior of the  F^, F^, and BC progenies .  These s tu d ie s  were 
conducted under greenhouse cond i t io n s .  The study o f  the inher i tance  
o f  the number o f  nodes subtending the f i r s t  flower c l u s t e r  and 
days from seeding to f i r s t  an thes is  suggested t h a t  each charac te r  
was c on tro l led  by one major gene p a i r .  These r e s u l t s  d i f f e red  from 
o the r  i n v e s t ig a to r s  who suggested more than one gene p a i r  c o n t ro l l in g  
t h i s  c h a rac te r  (26, 33, 34). These d i f f e r e n c e s  were assumed 
to  have been obtained due to d i f f e r e n t  condit ions  under which 
the t e s t s  were conducted. A high c o r r e l a t i o n  value 0.94 between 
number of nodes subtending the  f i r s t  flower c l u s t e r  and days 
to f i r s t  an th es is  suggested a means of  judging e a r l i n e s s .
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Further  l inkage  s tu d ie s  of  days from seeding to f i r s t  an th e s i s  
agree with Fogle and Currence (15) as being in l inkage  group 
f iv e .  A d e f i n i t e  a s s o c ia t io n  was found between j o i n t l e s s  pedicel 
c h a ra c te r  and number o f  nodes subtending the f i r s t  flower c l u s t e r  
and between j o i n t l e s s  pedicel  and days from seeding to  f i r s t  an­
t h e s i s .  These data  suggested t h a t  they belong to the  same l inkage 
group as the j o i n t l e s s  pedicel  mutant.
But le r  (4) in v e s t ig a te d  the  pedigree of  j o in te d  and j o i n t l e s s  
c ro sse s .  He found t h a t  j o i n t l e s s  pedicel  was c o n t ro l le d  by a 
s in g le  rec es s iv e  gene and t h a t  t h i s  c h a rac te r  was c lo se ly  l inked 
with lea fy  in f lo re sc en c e  in the  f i f t h  chromosome.
Young (51) repo r ted  t h a t  e a r l in e s s  in the  tomato was sub jec t  
to f a c to r s  o th e r  than g e n e t ic .  He compared F  ̂ tomato hybrids 
and parents  fo r  e a r ly  f lowering and showed t h a t  e a r ly  flowering 
of the  Fj as determined by an index of  the  number of  flowers 
on two c e r t a in  da tes  was in te rm edia te  to the  pa ren ts .  These 
r e s u l t s  agree with severa l  o th e r  workers (3, 22, 27) as to the 
behavior of  the  F  ̂ genera t ion  in e a r ly  versus l a t e  c rosses .
Early f r u i t i n g  was in te rm ed ia te  to the  parents  and the re  was a 
highly s i g n i f i c a n t  c o r r e l a t i o n  between number of e a r ly  flowers 
and number of e a r ly  f r u i t  produced. Certain  ins tances  of  t r a n s g re s -  
s ive  in h e r i ta n c e  were suggested where F̂  or F  ̂ means and p lan t  
d i s t r i b u t i o n  exceeded t h a t  of  pa ren ts .  There were high variance 
components with in  the paren ts  and the F  ̂ population and a low
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es t im ate  o f  h e r i t a b i l i t y  which ind ica ted  t h a t  environment had 
a strong in f luence  on the  expression o f  the e a r l i n e s s  c h a ra c te r .
The to t a l  c o r r e l a t i o n  between e a r ly  flowering and ea r ly  f r u i t i n g  
was highly s i g n i f i c a n t ,  but genera l ly  low in magnitude.
F ru i t  s ize  and e a r l i n e s s  have been d iscussed f req u en t ly  
in the l i t e r a t u r e  (3, 16, 23, 25, 31, 33, 34, 35). Numerous 
workers have repor ted  an a s so c ia t io n  of  small f r u i t  s i z e  and e a r l i -  
ness in tomato.
P ierce  and Currence (31) s tud ied  the e f f i c i e n c y  of  s e l e c t in g  
fo r  e a r l i n e s s ,  y i e l d ,  and f r u i t  s i z e  in tomato c ro sse s .  Two 
c u l t i v a r s ,  Manalucie and E a r l in o r th ,  were used to study there  
c h a ra c te r s .  The Progeny t e s t s  showed recovery of  m atu r i ty  
performance in f a m i l i e s .  The tendency fo r  environmental 
f a c to r s  to mask genotypic e f f e c t s  c rea ted  d i f f i c u l t y  in se le c t in g  
g e n e t i c a l l y  su p e r io r  p l a n t s .  In y i e ld  s tu d ie s  when F^, F2 , and 
backcrosses were s tud ied  no d e f i n i t e  tendency toward a geometric 
sca le  was revealed .  There was l i t t l e  d i f fe re n c e  in the  h e r i t a ­
b i l i t y  between e a r l i n e s s  and y i e l d .  There was a high h e r i t a b i l i t y  
between F  ̂ y i e ld  and paren ta l  l i n e s .  This suggested an a s so c ia t io n  
of e a r l in e s s  and i t s  e f f e c t  on y i e ld .  E ar l iness  and y i e ld  data  
were d i s t r i b u t e d  on an a d d i t iv e  sca le .  H e r i t a b i l i t y  was high for  
f r u i t  s i z e  and r e l a t i v e l y  low fo r  y ie ld  and e a r l i n e s s ,  75, 39, 
and 36%, r e s p e c t i v e l y . Under the condit ions  of t h i s  t e s t ,  p lan t  
s e l e c t io n s  seem to have a g r e a t e r  promise fo r  y i e ld  improvement.
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The s e l e c t i o n  o f  individual  p lan ts  fo r  m atur i ty  ind ica ted  th a t  
i t  was ques t ionable  because only a r e l a t i v e l y  small amount of 
genet ic  v a r i a t io n  was p resen t  fo r  t h i s  ch a rac te r .
MacArthur (28) reported  a poss ib le  l inkage o f  genes fo r  
e a r l i n e s s  and f r u i t  s i z e  with c e r t a in  q u a l i t a t i v e  f a c t o r s .
A f a c t o r ,  which i s  a r ec ess ive  gene fo r  yellow green fo l ia g e  L, 
re ta rded  m atur i ty  about two weeks and reduced f r u i t  s i z e  about 
t h i r t y  percen t .  I t  was not demonstrated t h a t  t h i s  1 locus 
was l inked with s iz e  and e a r l in e s s  genes because the  e f f e c t  of 
t h i s  gene might have poss ib ly  been due d i r e c t l y  to 1 and o ther  
genes. I t  was assumed i f  l inkage was p resen t  i t  would have a 
marked e f f e c t  on p lan t  growth and f r u i t  development in segregating 
progenies.
Leopold (26) reported  t h a t  a f a c to r  of  e a r l i n e s s  in some 
tomato c u l t i v a r s  r e l a te d  to an i n te r a c t io n  between f lower develop­
ment and l e a f  expansion. He pos tu la ted  t h a t  expanding leaves of  
p lan ts  provide an in h ib i to r y  e f f e c t  on the development of flowers 
and could be an expression of  a general antagonism between r e ­
productive and v eg e ta t ive  development. This concept of  l e a f  
growth r a t e  as a f a c to r  in tomato e a r l in e s s  was suggested as 
being useful  in programs fo r  breeding e a r l i e r  v a r i e t i e s .
Yeager (49) c a r r i e d  on in v e s t ig a t io n s  to combine extreme 
e a r l i n e s s  with r e l a t i v e l y  la rge  f r u i t  s i z e .  He se lec te d  fo r  
e a r l in e s s  by saving the ea r ly  blooming p lan ts  from an popu-
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l a t i o n .  From the  determinant p lan ts  s e l e c te d ,  he kept one 
four th  of the  populat ion with la rge  o v a r ie s .
Fogle and Currence (16) made an a n a ly s i s  o f  F^, F^, and 
backcross generat ions  from a cross  o f 'T iny  Tim'and 'Pennorange' 
to  study e a r l in e s s  and f r u i t  weight. Two types o f  ana ly s is  were 
applied  to  the same data  to  e s t im ate  the  number of  genes d i f f e r ­
e n t i a t i n g  the parents  and na tu re  o f  dominance and i n t e r a c t i o n s .  
Inher i tance  of  both f r u i t  weight and e a r l i n e s s  appeared complex, 
and separa t ion  of  each weight component, lo cu le  number and weight 
per lo cu le ,  was est imated to have segregated fo r  th ree  major 
gene p a i r s .  By a s so c ia t io n  with c e r t a in  simply in h e r i t e d  c h a r a c te r s ,  
genes fo r  each component were suggested to be loca ted  on chromosome 
p a i r s  th ree  and seven fo r  number of  lo cu les  and fo r  weight per 
locu le  on chromosome f iv e  in add i t io n  to th ree  and seven. The 
in te rv a l  from seeding to  r ipening  was d ivided in to  th ree  s tages :  
seeding to  f lowering,  f lower to f r u i t  s e t ,  and f r u i t  s e t  to 
r ip e  f r u i t .  By using p a r t i t i o n i n g  a n a l y s i s ,  these  workers 
(33, 34) reported es t im ates  of  f iv e  or more d i f f e r e n t i a t i n g  
genes fo r  seeding to f lower s ta g e ,  four fo r  f lowering to f r u i t  
s e t  s tag e ,  and th ree  fo r  the f r u i t  s e t  to r ip e  f r u i t  s tage.
The e f f e c t s  of the e a r l in e s s  genes were concluded as being add i­
t iv e  in na tu re .  P a r t i a l  dominance of  sm al le r  f r u i t  s ize  and 
e a r l in e s s  was ind ica ted  by these  s tu d ie s .
Numerous workers have s tudied  s p e c i f i c  components of y i e ld ,
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such a s ,  f r u i t  s i z e ,  f r u i t  numbers, locu le  weight, and number 
and i t s  r e l a t i o n s h ip  to  y ie ld  (6,  15, 17, 18, 22, 23, 27, 30, 36).
Pollock and Larson (32) repor ted  t h a t  when y i e ld  was p a r t i t i o n e d  
in to  components the  weight per f r u i t  was observed to be co n tro l le d  
by s ix  genes. They repor ted  t h a t  15 major gene pa i r s  a f f e c t  
y i e ld  of r ip e  f r u i t  per p la n t  and th ree  genes a f f e c t  weight per 
locu le  and number of locu les  per f r u i t .  Not a l l  genes had equal 
e f f e c t s ,  e i t h e r  within  or between component c h a ra c te r s .  A study 
o f  the  i n te r a c t io n  between genes and environment revealed th a t  
the e f f e c t s  of  the i n t e r a c t io n  varied and the genes were l e s s  
than a d d i t iv e  or somewhat l e s s  than m u l t i p l i c a t iv e  according to 
the  component c h a ra c te r  genes d i f f e r e n t i a t i n g  them.
Powers (33) s tudied  weight of individual  tomato f r u i t s  of  
the  parents  and progenies of  L_. esculentum crossed with L_. 
p im pine l l i fo l iu rn . The within  block environmental variances c a l ­
cu la ted  from ind iv idua l  p lan t  data  were found to form geometric 
p rogress ions .  The d i f fe ren c e s  between the obtained and p red ic ted  
means fo r  a f f e c t i n g  weight of  f r u i t  were found to be geometr ica l ly  
cumulative.
In a l a t e r  experiment,  Powers (34) s tud ied  the components 
variance method applied  to weight per tomato f r u i t  of  hybrids 
and parental  popu la t ions .  The th ree  components--number of lo c u le s ,  
weight per lo cu le ,  and weight per f r u i t - - w e r e  found to have 
i n t e r a l l e l i c  genic i n t e r a c t io n s  condit ion ing  a l l  th ree  cha rac te r s
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and an e p i s t a s t i c  e f f e c t  of the weight f a c to r  per locu le .
Also, e p i s t a s i s  was found in those genes condit ioning  weight 
per f r u i t .  Minor modifying genes were demonstrated fo r  number 
of locu les .
MacArthur (27) c a r r i e d  on experiments to study f r u i t  weights 
and shapes from anc* backcross p lan ts  from eighteen  c rosses .  
Progeny observat ions  ind ica ted  th a t  q u a l i t a t i v e  genes whether 
with o r  without shape e f f e c t s  of ten  a ffe c te d  tomato f r u i t  s i z e .  
Gene markers were used to observe t h a t  genes d, r ,  c ,  b, and a 
are  near ly  neu tra l  in shape e f f e c t s  of  tomato f r u i t  and e x h ib i t  
l inkage with genes in chromosomes one, two, th re e ,  fou r ,  and 
seven. The m u l t ip le  f a c to r s  for  s i z e  were apparen t ly  dominant 
or recess ive  and of ten  very unequal in e f f e c t .  They f u r th e r  
reported  t h a t  s i z e  genes, as such, may not e x i s t  except as one 
of the many e f f e c t s  of o ther  genes.
Ibarbia  and Lambeth (22) reported  t h a t  ten genes and poss ib ly  
as many as twenty genes d i f f e r e n t i a t e d  f r u i t  s i z e  of  tomatoes 
in a cross  o f  Mo-accession 223 and 1-437-1. P a r t i a l  dominance 
of small f r u i t  weight was observed,  but evidence of e p i s t a s t i c  
i n t e r a c t io n s  were found. Gene ac t ion  was la rg e ly  geometr ica l ly  
cumulative. H e r i t a b i l i t y  es t im ates  in the  broad sense were 
29% fo r  f r u i t  weight. L i t t l e  a d d i t iv e  variance was de tec ted .
In a l a t e r  experiment, Ibarb ia  and Lambeth (23) s tudied  
the r e l a t i o n s h ip  between f r u i t  weight and q u a l i ty  as measured
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by b r ix ,  pH, and t i t r a t a b l e  a c i d i t y .  F ru i t  weight was poorly 
c o r r e la t e d  with q u a l i t y  because more genes could be involved in 
f r u i t  weight in h e r i ta n c e  than in q u a l i t y  t r a i t s .
Stevens (42) reported  t h a t  an inverse  r e l a t i o n s h i p  between 
y i e ld  and q u a l i t y  a re  common. This was assumed to be due to 
the physio logical  l im i ta t io n s  o f  the  p lan t  to  provide the  raw 
m ater ia l  needed fo r  high y i e ld  and q u a l i t y .
G r i f f in g  (17) repor ted  t h a t  the re  could e x i s t  a genotypic 
l i m i t  to the capac i ty  fo r  t o t a l  tomato f r u i t  production and 
number o f  f r u i t  per p la n t .  The force  inc reas in g  the number 
o f  f r u i t s  and the force  increas ing  the s i z e  o f  f r u i t s  a re  geno­
t y p i c a l l y  c o n t ro l l e d .  The an a ly s i s  of tomato y i e ld  was made 
by p a r t i t i o n i n g  y i e ld  in to  component p a r t s .  Yield was broken 
in to  number o f  f r u i t s  and f r u i t  weight. The v a r i a b le ,  number 
of  f r u i t ,  was f u r t h e r  broken down in to  number of  c l u s t e r s  and 
number o f  f r u i t  per c l u s t e r .  There was a la rg e  negat ive  environ­
mental c o r r e l a t io n  ( - .784)  c a lcu la te d  fo r  the  v a r i a b le ,  number 
o f  c l u s t e r s ,  and number of f r u i t s  per c l u s t e r .  This was i n te rp re te d  
as demonstrating a within  p lan t  competi t ion between these  v a r i a b le s .  
The environmental c o r r e l a t io n  between v a r i a b le s ,  number of f r u i t  
and weight per f r u i t ,  was e s s e n t i a l l y  zero. A la rg e  negative  
genotypic c o r r e l a t io n  between f r u i t  number and f r u i t  s i z e  ( - .970)  
ind ica ted  th a t  these  two processes a re  c o n t ro l le d  by e s s e n t i a l l y  
the  same s e t  of  genes. The primary funct ions  of  gene complexes
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were assumed to control  balance between the two growth fo rce s ,  
f r u i t  weight , and number. The c o r r e l a t e d  responses fo r  the 
most p a r t  o f  these  v a r i a b le s  were concluded as being p l e io t ro p i c  
m an i fes ta t ions  o f  one gene complex.
One o f  the  most important  p ro p e r t i e s  of  a q u a n t i t a t i v e  charac­
t e r  i s  h e r i t a b i l i t y .  H e r i t a b i l i t y  i s  of  i n t e r e s t  to p lan t  
breeders because i t  can be used as a measure of  the value of  
s e l e c t io n  fo r  a p a r t i c u l a r  c h a ra c te r  in various progenies.
According to  A l la rd ,  (1) the  quest ion  o f  whether a charac­
t e r i s t i c  i s  h e r i d i t a r y  or  environmental has no meaning. The 
genes cannot cause a c h a ra c te r  to develop unless they have the 
proper  environment, but  unless the  necessary genes a re  p resen t  
no manipulat ion of  the  environment wil l  cause a c h a r a c t e r i s t i c  
to develop. According to  Falconer (13) ,  h e r i t a b i l i t y  expresses 
the  proport ion of  the  t o t a l  variance  t h a t  i s  a t t r i b u t a b l e  to the 
average e f f e c t s  of genes. The most important  aspec t  of  h e r i ­
t a b i l i t y  in a gene t ic  study of q u a n t i t a t i v e  ch a rac te r s  i s  i t s  
p r e d ic t iv e  ro le .  I t  expresses  the r e l i a b i l i t y  of the phenotypic 
value as a guide to the  breeding value.  Only the  phenotypic 
value can be measured. Robinson e t  a l . (39) defined h e r i t a b i l i t y  
as the a d d i t iv e  gene t ic  variance  in percent  o f  the t o ta l  variance .
Falconer (13) defined h e r i t a b i l i t y  as the  r a t i o  of a d d i t iv e  




Where: h stands fo r  h e r i t a b i l i t y
VA = a d d i t iv e  variance 
Vp = phenotypic variance 
H e r i t a b i l i t y  th e re fo re  s p e c i f i e s  the  proport ion of  the v a r i a b i l i t y  
t h a t  i s  due to  gene t ic  causes.
MATERIALS AND METHODS
Five tomato breeding parents  used in these  s tud ies  showed 
considerab le  d i f f e r e n c e s  in y ie ld  and e a r l in e s s  as shown in Table 1 
and Table 2. The high y ie ld in g  parent  VF65-433 is  a processing 
type tomato with e longa ted ,  sausage-shaped f r u i t  which was re leased  
as a named c u l t i v a r  by the C a l i fo rn ia  Agricu l tu ra l  Experiment 
S ta t ion .  The moderate to  high y ie ld in g  parents  were L401, L402, 
and L414—a l 1 f resh  market determinate  types with medium sized 
ob la te  to  globe shaped f r u i t  developed by the  Louisiana 
A gr icu l tu ra l  Experiment S ta t ion  breeding program. 'Beefeater' ,  
the  low y ie ld in g  paren t  with r e l a t i v e l y  l a rg e ,  o b la te  shaped 
f r u i t ,  i s  a commercial indeterminate  c u l t i v a r  developed fo r  f resh  
market. The L401 is  a very e a r ly  y ie ld in g  pa ren t ;  whereas, the 
L414 i s  very l a t e  (Table 2) .  All of  the parents  used were red- 
f r u i t e d  c u l t i v a r s .
In t h i s  s tudy ,  'VF65-433' was crossed in a greenhouse with 
each of the  four  above-mentioned parents in the summer and f a l l  
of  1978. For the e a r ly  versus l a t e  m atur i ty  s tu d ie s ,  a cross  was 
made between L401 and L414. The F  ̂ hybrids of a l l  c rosses  were 
grown in greenhouses in the  Fall of  1978, and the  F2 seeds were 
obtained from se l fed  F  ̂ f r u i t s .  The F  ̂ hybrid was backcrossed 
to each paren t .
All c o n t ro l l e d  c rosses  were made by emasculating the flowers 
of the female parent  before  an thes is  and pollen from the an thers
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Table 1. Parenta l  tomato c u l t i v a r s  used in in h e r i t a n c e  s tu d ie s  
o f  t o t a l  y i e l d .
Parent Growth h a b i t Yield c l a s s i f i c a t i o n
VF65-433 Determinate High
L401 Determinate Moderate to High
L402 Determinate Moderate
L414 Determinate Low
B eefea ter Indeterminate Low
Table 2. Parental  tomato c u l t i v a r s  used in in h e r i t a n c e  s tu d ie s  
o f  e a r ly  y i e l d .





Beefea te r Late
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of  the  des ired  male pa ren t  was t r a n s fe r r e d  to the  stigma of  the 
female f lowers .
Seeds of the parents, F^, Fg, and a l l  backcrosses were planted 
using two seed per pot in to  two and one-four th  inch (5.71 cm) 
peat  pots f i l l e d  with a p e a t ,  s i l t  loam s o i l ,  and sand mixture 
on March 2, 1979. The p lan ts  were grown in these  pots for  26 
days in the  greenhouse u n t i l  they were t r an sp la n te d  in to  a s i l t  
loam so i l  on the Hill Farm a t  the  Louisiana S ta te  Univers i ty ,
Baton Rouge campus. The so i l  was f e r t i l i z e d  with an equiva len t  
o f  500 pounds o f  12-12-12 f e r t i l i z e r  per acre  (225 kg/ha). A 
black polyethylene mulch f o r t y  inches wide (101.6 cm) and 2 mils 
th ick  was applied  on top o f  the rows leaving an e ighteen inch 
(45.75 cm) band. The paren ts  and F  ̂ l i n e s  were planted in a 
randomized complete block design using ten p lan ts  in each of  
four r e p l i c a t io n s  on March 28, 1979. Each p lan t  was spaced eighteen 
inches (45.75 cm) a p a r t  on rows four f e e t  (121.92 cm) wide. The 
and backcrosses were p lanted th ree  f e e t  a p a r t  (91.44 cm) in 
progeny rows c o n s i s t in g  o f  a t  l e a s t  200 p lan ts  of  each F  ̂ generat ion 
and 100 of each backcross genera t ion .  Each p lan t  in each f i l i a l  
generat ion was labeled fo r  i d e n t i f i c a t i o n  in the  c o l l e c t io n  of 
da ta .
Recommended c u l tu ra l  p ra c t ic e s  fo r  c o n t ro l l in g  in se c t s  and 
d iseases  were used throughout  the  growing season.
The number and weight o f  r ip e  f r u i t  t h a t  each p lan t  produced 
a f t e r  76 days from t r a n s p la n t in g  was used as an index fo r  e a r l in e s s .
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The f i r s t  ha rves t  fo r  e a r ly  y i e ld  was taken on June 12, 1979.
The ea r ly  harves t  included a l l  o f  the pink and red mature f r u i t  
on each p lan t  of pa ren ts  and progenies in the  above 76 day period.
Total y ie ld  data  were obtained by harves t ing  a l l  of  the  
tomato f r u i t s  on each p lan t  of  parents  and progenies o f  each 
cross  on June 20, 1979. All of  the  f r u i t  on each p lan t  except 
those 2.5 cm diameter and sm aller  were harvested a t  t h a t  time.
Red and green f r u i t s  were counted s e p a ra te ly  and then weighed 
fo r  t o t a l  y i e ld .
Frequency d i s t r i b u t i o n  t a b le s  were made fo r  the  parents  and 
progenies fo r  the  c h a ra c te r s  of  ea r ly  and to ta l  y i e l d .  The 
means, va r iances ,  s tandard  e r r o r  of  the  means, d i f f e ren c e s  between 
means, and s tandard e r r o r  of  the  d i f f e re n c e  were c a lcu la te d  according 
to Snedecor (44) ,  S teel  and Torr ie  (41),  and Hays e t  a l .  (21). The 
ca lc u la t io n s  were used in determining the mode of in h e r i tan ce  and 
h e r i t a b i l i t y  e s t im ates  fo r  the  gene t ic  c h a rac te r  fo r  e a r ly  and 
to t a l  y i e ld  for  both f r u i t  number and weight.
S t a t i s t i c a l  analyses  c a lcu la te d  fo r  both ea r ly  and to ta l  
y i e ld  of  f r u i t  included an a ly s i s  of variance  and F t e s t  of  s i g n i ­
f icance  when a p p ro p r ia te .  Corre la t ion  c o e f f i c i e n t s  were c a lcu la ted  
to determine the  degree of a s so c ia t io n  between ea r ly  flowering 
and ea r ly  f r u i t  numbers and weight (29, 51).
H e r i t a b i l i t y  e s t im ates  were used to measure the  amount of 
v a r i a b i l i t y  expressed in segrega t ing  populations due to genic ac t ion
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using the method proposed by Warner (47) and i l l u s t r a t e d  by 
Hays e t  a l . (21). These c a lc u la t io n s  were based on the  t o ta l  
variance  of  the  F2 anc* ^ e  two backcrosses.  The procedure 
of  s t a t i s t i c a l  a n a ly s i s  involved the c a lc u la t io n  of  means and 
variances fo r  each popula t ion .  H e r i t a b i l i t y  was c a lc u la te d  using 
the formula:
Where: {h) D = the  a d d i t iv e  component o f  variance  of  F2
And: VF2 = t o t a l  within  variance  of  the  F2
And: {h) D = 2(VF2 - (VBX + VB2 )) where VBj and VB2 are
the t o t a l  within  variances  o f  the backcrosses o f  the F  ̂ to  the 
re spec t iv e  pa ren ts .
By use o f  t h i s  method of  es t im at ing  h e r i t a b i l i t y  a va l id
es t im ate  o f  D, a component of  to ta l  genet ic  va r iance ,  can be
obtained from t o t a l  with in  population variance on the assumption 
th a t  the  variance  environment component (E) o f  variance  i s  comparable 
in a l l  th ree  segrega t ing  populat ions (B^, B2 , F2 ). Under t h i s
assumption, the  F2 and backcross variances were expressed as:
VF2 = kD + %H + E
VB1 + VB2 = hD + %H + E
Where: D = a d d i t iv e  or f ix ab le  component
H = dominance or non-f ixab le  component 
E = environmental component
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The Cast!e-Wright formula (8) i s  commonly used as a s t a t i s t i ­
cal mean of  es t im at ing  number of  p a i r s  of  genes fo r  a q u a n t i t a t i v e  
c h a ra c te r .  The formulas used to obtain  es t im ates  o f  the  number 
o f  e f f e c t i v e  f a c to r s  was as fol lows:
D2
N = 8 ( s2F2 -  s2F1)
Where: N = minimum number o f  genes
D = the d i f f e r e n c e  between the  two parenta l  means 
2
s Fx = variance  o f  F  ̂ generat ion
2
s Fg = variance  of  F2 generat ion  
The formula assumes the following:
a. equal e f f e c t  of  genes involved
b. a d d i t iv e  gene ac t ion
c. absence of  dominance
d. maximum range e x i s t s  between parents
e. one paren t  co n t r ib u te s  only genes with plus e f f e c t s  
and the o th e r  pa ren t  only genes with minus e f f e c t s .
Simple or t o t a l  c o r r e l a t i o n  was used to measure the  degree of 
a s so c ia t io n  between any two c h a ra c te r s .  I t  was c a lcu la te d  from 
the formula according to  Snedecor (44):
c o v x x1 x2 
r p p
(s X^ (s X2)
Where: r  = the c o r r e l a t i o n  c o e f f i c i e n t
COV = covariance
Xj = measurement of one v a r ia b le  
X2 = measurement of  o th e r  v a r ia b le  
s 2 = variance
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Dominance s tu d ies  were based on the a d d i t iv e  model of  gene 
a c t io n .  Comparisons on the expected a r i th m e t ic  means with the  
observed means of the progenies were used to determine the nature  
of dominance. The methods of  Powers (36) were used to c a l c u l a t e  
a r i th m e t ic  or t h e o r e t i c a l  means and t h e i r  s tandard e r r o r s .  In 
a study of  the  in h e r i ta n c es  of q u a n t i t a t i v e  c h a rac te rs  of  tomatoes, 
he developed the  following formula:
Population Theoretical  Mean Standard Error
and g enera t ions ,  r e s p e c t iv e ly .
I f  the observed mean is  equal to the  a r i th m e t ic  mean or the  
d i f f e re n c e  i s  not s i g n i f i c a n t ,  absence of  dominance is  assumed. 
Genes showing no dominance are  a d d i t iv e  and are  said to a c t  addi-  
t i v e l y  (10, 35, 36). Each gene makes a s im i la r  c o n t r ib u t io n  to 
the overa l l  express ion of  the t r a i t  in quest ion .
The nature  of gene ac t ion  fo r  the components i s  based on 
the th e o re t i c a l  means e i t h e r  a r i th m e t ic  or geometr ic, with the
BCP1
vrl 2 
( P x + Fx ) / 4
(P2 + Fx)/4
(Px + P2 )/2 
( Px + P2 + 2F2 ) / 4
BCP2 V(¥P _̂+~iF1)/4
Where: P  ̂ = observed mean of  one paren t
P2 = observed mean o f  o th e r  parent
F  ̂ = observed mean of  F populat ion
- 2  -2s P j ,  s P2 , sFj = the  var iances  of the two parent
29
corresponding observed means of  a l l  progenies.  The expected 
geometric means were c a lc u la te d  by the method reported  by Charles 
and Smith (10) as fo l lows:
Expected geometric mean fo r  (V^):
= VO ■ VO1
Where: VO = observed mean of  one parent
VO* = observed mean of  o the r  parent  
Expected geometric mean fo r  (V2 ^ :
= a n t i l o q  o f  log f l  + 2 109 F1 = log P2
4
The expected geometric means fo r  the backcrosses were ca lcu la te d  
by use of  the  formula:
BPj -  VO • V2 
and BP2 = VO1 • V2 
Where: VO = observed mean o f  one parent
V£ = observed means of 
V̂  = observed means of  o ther  parent
EXPERIMENTAL RESULTS
A study was i n i t i a t e d  in the  Spring of  1979 to  study i n h e r i ­
tance ,  na tu re  of  gene a c t i o n ,  and h e r i t a b i l i t y  o f  e a r ly  and to ta l  
y i e ld  of  the tomato. Five parental  breeding l in e s  were used th a t  
d i f f e r e d  in e a r ly  and to t a l  y i e ld .
Early m atur i ty  s tu d ie s
L401, an e a r ly  maturing breeding pa re n t ,  was crossed with 
L414, a l a t e  maturing breeding pa ren t ,  to  study in h e r i ta n c e  of 
e a r l i n e s s .  The cross  o f  ' VF65-4331, a midseason maturing c u l t i v a r ,  
and L401 was used to a lso  study t h i s  c h a rac te r .
Early y i e l d  was measured by the number and weight of  r ip e  f r u i t  
a f t e r  75 days from t r a n s p la n t in g .  A t e s t  with 20 p lan ts  spaced 
45.7 cm in each o f  four r e p l i c a t i o n s  was used to compare parental  
l in e s  and F  ̂ hybrids fo r  e a r ly  f r u i t  weight as shown in Table 3.
The F  ̂ hybrid and i t s  e a r ly  pa ren t ,  L401, produced a comparable 
y ie ld  as measured by ea r ly  f r u i t  weight. The l a t e  maturing pa ren t ,  
L414, was s i g n i f i c a n t l y  lower in ea r ly  y ie ld  than both F  ̂ hybrids.
A comparison of  the  mean number of  ea r ly  f r u i t  produced per 
p lan t  fo r  parents  and F  ̂ hybrids i s  presented in Table 4. The 
Fj hybrid,  ‘VF65-4331 X L401, produced as many r ip e  f r u i t  as the 
ea r ly  pa re n t ,  L401, and was s i g n i f i c a n t l y  higher in e a r ly  f r u i t  
numbers than the paren t  ' VF65-433' .  The F  ̂ hybrid,  L401 X L414, 
was s im i la r  to  the  e a r ly  pa ren t ,  L401, in e a r ly  f r u i t  production.  
Frequency d i s t r i b u t i o n  of p lan ts  fo r  e a r ly  y i e ld  in to  c la sses
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Table 3. Comparison of  weight of  f r u i t s  per p lan t  fo r  e a r ly  y i e ld  of  F, 
tomato hybrids and parents  in Spring,  1979.
Parent or 
Fj hybrid
Mean weight of 
f r u i t s  per p la n t  (kg) Grouping*
VF65-433 X 1401 Fj 0.8 a
L401 0.8 a
L414 X L401 Fj 0.7 a
VF65-433 0.1 b
L414 0.1 b
* Means separated by Duncan's Multiple  Range Test a t  .05 level  of  p ro b a b i l i ty .
Table 4. Comparison o f  mean number o f  f r u i t  per p lan t  fo r  y i e ld  in parents  
and tomato hybrids in Spring, 1979.
Parents  or  
hybrids
Mean numbers of  
f r u i t s  per p lan t Groupings*
VF65-433 X L401 F 9.4 a
L401 8.5 a b
L414 X L401 F 7.3 b
VF65-433 2.0 c
L414 1.3 c
* Means separated by Duncan's Mult iple  Range Test a t  .05 level of  p ro b a b i l i ty .
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fo r  mean f r u i t  weight per p lan t  fo r  the p a re n t s ,  F j ,  F^, and 
backcross progenies fo r  the  c ro s s ,  L401 X L414, i s  presented in 
Table 5. P lant  frequency d i s t r i b u t i o n ,  observed means, va r iances ,  
and c o e f f i c i e n t s  of v a r i a b i l i t y  of  the p a re n t s ,  F p  F̂ , and back­
crosses  a re  given in Table 3. The mean e a r ly  f r u i t  weight per 
p lan t  was 0.8  kg per p lan t  fo r  L401 and 0.09 kg per p lan t  fo r  
L414. This d i f f e ren c e  was s i g n i f i c a n t .  In the p la n t  d i s t r i b u t i o n ,  
Table 5, L401 had 23 p lan ts  in c la s s  1 and 17 in c l a s s  2, whereas, 
L414 had a t o t a l  of  40 p lan ts  in c la s s  1. The Fj d i s t r i b u t i o n  
fo r  t h i s  cross was s im i l a r  to the  e a r ly  p a re n t ,  L401. In the  F̂  
from a t o t a l  of 201 p l a n t s ,  th e re  were 161 p lan ts  in  c la ss  1, 36 
in c la s s  2, and 4 in c la s s  3, and the d i s t r i b u t i o n  was highly 
skewed toward the parent  L414. A s im i l a r  d i s t r i b u t i o n  was t rue  
in the  backcross progenies .  The c h a ra c te r  fo r  e a r l i n e s s  in t h i s  
cross showed no c l e a r  p a t t e rn  of  i n h e r i t a n c e .  The F^ hybrid was 
s im i la r  in p lan t  d i s t r i b u t i o n  to L401 in mean f r u i t  weight per 
p la n t ;  however, p lan t  d i s t r i b u t i o n  in the  F  ̂ and backcross gener­
a t ions  were highly  skewed toward the l a t e  pa ren t ,  L414. The p e r ­
formance of  the Fj can be expla ined on the  basis  o f  hybrid vigor 
in t h i s  c ross .  In g e ne ra l ,  p lan t  d i s t r i b u t i o n  fo r  mean ear ly  f r u i t  
numbers per p lan t  as shown in Table 6 were s im i la r  to  those for  
mean e a r ly  f r u i t  weight per p lan t  (Table 5).
The d i s t r i b u t i o n  of p lan ts  o f  p a re n t s ,  F p  and segregat ing 
generat ions of  the cross 'VF65-433' X L401 f o r  ear ly  f r u i t  weight
Table 5. Frequency distribution of tomato plants of parents, Fj, F2 , and
backcross progenies into classes for early mean fruit weight
per plant for L401 (P^) X L414 (P^).
Class* Number of  p lan ts  in each genera t ion
P1 P2 F1 F2 BCPj bcp2
1 23 40 23 161 83 101
2 17 17 36 18 7
3 4 1
4
Population 40 40 40 201 102 108
Mean (kg) 0 .8 0.09 0.7 0.5 0.4 0.2
C.V. 51.8 130.8 49.7 91.3 100.3 148.2
s2 0.78 0.13 0.67 1.06 1.0 0.5
* Class 1 = 0-0 .9  kg; Class 2 = 1 .0 -1 .8  kg, e t c .
C.V. = Coefficient of variability
s2 = Variance
Table 6. Frequency distribution of tomato plants of parents, Fi, F2 , and
backcross progenies into classes for early mean fruit number
per plant for a cross L401 (P^) X L414 (P^)-
Class* Number of  p lan ts  in  each genera t ion
**1 P2 F1 F2 BCP1 bcp2




Population 40 40 40 201 102 108
Mean 8.5 1.3 7.3 4.6 4.1 1.8
C.V. 52.0 126.3 51.4 97.7 97.7 154.1
2s 19.9 2.8 14.1 20.6 16.5 8 .2
* Class 1 = 0-20 f r u i t ;  Class 2 = 21-40 f r u i t ,  e t c .
C.V. = Coefficient of variability
s2 = Variance
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i s  presented in Table 7. The e a r ly  mean f r u i t  weight per p lan t  
fo r  VF65-433 was 0.13 kg as compared to L401 with 0.8  kg. This 
d i f f e ren c e  was s i g n i f i c a n t .  The F  ̂ hybrid ea r ly  mean f r u i t  weight 
per p lan t  was s im i la r  to  the e a r ly  paren t  L401. In the F^ and 
backcrosses to 'VF65-4331 and L401, the  e a r ly  mean f r u i t  weight per 
p lan t  was comparable. Although the  p lan t  d i s t r i b u t i o n  in the  F  ̂
and backcrosses were genera l ly  skewed to  the  r e l a t i v e l y  l a t e  
pa ren t  'VF65-433', there  were p la n t  segrega tes  fo r  e a r l in e s s  
(Table 7) .
The p lan t  d i s t r i b u t i o n  fo r  e a r ly  mean number of  f r u i t  per 
p lan t  fo r  pa re n ts ,  F^, F2 , and backcross genera t ions  i s  presented 
in Table 8 fo r  the cross  'VF65-433' X L401. The F2  was in te rm edia te  
to the  parents  and lower than the  mean weight of  the  Fj hybrid.  The 
observed mean number of f r u i t  per p lan t  of the  F^ and F2  generat ions  
was 9 and 6, r e s p e c t iv e ly .  This d i f fe ren c e  was s i g n i f i c a n t  fo r  
f r u i t  numbers. The d i s t r i b u t i o n  of  p lan ts  was highly skewed to  the 
VF65-433 parent  in the F2  and backcross genera t ions .  I t  should 
be pointed out t h a t  th e re  were small d i f f e ren c e s  in d i s t r i b u t i o n  
between the two paren ts .
H e r i t a b i l i t y  fo r  ea r ly  m atur i ty
H e r i t a b i l i t y  es t im ates  fo r  the  crosses  L401 X L414 and 'VF65-4331 X 
L401 were ca lcu la te d  fo r  ea r ly  y i e ld  components to  determine the 
e f f e c t  of gene ac t ion  on the v a r i a b i l i t y  of  segregat ing  popula t ions .  
The ea r ly  y i e ld  was p a r t i t i o n e d  in to  f r u i t  number and f r u i t  weight
Table 7. Frequency d i s t r i b u t i o n  o f  tomato p lan ts  o f  parents, F i ,  F?, and
backcross progenies in to  c la s s e s  fo r  e a r ly  mean weight of  f r u i t
per p l a n t  fo r  a c ross  VF65-433 ( P^) X L401 (P2 ).
Class* Number of p lan ts  in each genera t ion
P1 P2 F1 F2 BCP1 bcp2
1 40 23 24 175 79 92
2 17 16 24 17 10
3 3 4
4
Population 40 40 40 202 100 102
Mean (kg) 0.13 0.8
00•o 0 .4 0.5 0.4
C.V. 108.2 51.8 53.6 93.0 99.5 84.6
2
s 0.1 0.7 0.8 0 .8 1.4 0.6
* Class 1 = 0-0 .9  kg; Class 2 = 1 .0 -1 .8  kg, e t c .
C.V. = Coefficient of variability
s2 = Variance
Table 8. Frequency distribution of tomato plants of parents, F^, F2 , and backcross
progenies into classes for early mean number of fruit per plant for a
cross VF65-433 (Pj) X L401 (P2 ).
Number of  p l a n t s  in each generat ion
Class*
P1 P2 F1 F2 BCPj bcp2
1 40 39 39 198 90 101
2 1 1 4 10 1
3
4
Population 40 40 40 202 100 102
Mean 2.0 8 9 5 7 5
C.V. 122.5 52.0 56.8 97.8 104.4 92.2
s 2 6.0 19.9 28.6 30.7 59.8 25.5
* Class 1 = 0-20 f r u i t s ;  Class 2 = 2 1 -4 0  f r u i t s ,  e tc .
C.V. = Coefficient of variability
s2 = Variance
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variance  components fo r  the  two c ro sse s .  Estimates of  h e r i t a b i l i t y  
c a lc u la te d  fo r  ea r ly  f r u i t  numbers and weight a re  presented in 
Tables 9 and 10, r e s p e c t iv e ly .  The h e r i t a b i l i t y  es t im ate  values 
of  48.0 and 79.0 fo r  e a r ly  f r u i t  weight and f r u i t  numbers per 
p l a n t ,  r e s p e c t iv e ly ,  f o r  the c ross  L401 X L414 in d ic a te  very l i t t l e  
gene t ic  in f luence  on e a r ly  f r u i t  weight and moderate in f luence  
on ea r ly  f r u i t  number. Estimates of h e r i t a b i l i t y  fo r  'VF65-433' X 
L401 were negat ive  va lues .  These negat ive  values are  l o g i c a l l y  
assumed to be equal to zero.
Midseason harves t
The to ta l  y i e ld  of  the pa re n ts ,  F p  F£, and backcross progenies 
cons is ted  of  the  t o t a l  number and weight o f  f r u i t  from each p lan t  
fo r  a e a r ly  ha rves t  on June 12, and a second harves t  on June 22, 
1979. The f r u i t  from the second harves t  were p a r t i t i o n e d  in to  
red and green f r u i t ,  which were counted s e p a r a te ly ,  but weighed 
to g e th e r .  These data  a re  presented in Table 11. The count of  
red f r u i t  in t h i s  h a rves t  was used as an in d ic a t io n  of  f r u i t  of 
midseason m atu r i ty .  Data in Table 12 show a comparison of the 
mean number of red f r u i t  per p lan t  fo r  the  parents  and F  ̂ hybrids 
in the  second ha rves t .  L401, 'VF65-433' X L401 F1 and L401 X L414 Fj 
produced a s i g n i f i c a n t l y  l a r g e r  number of  red f r u i t  than 'VF65-4331 
and L414 in the  second ha rves t .
Total y ie ld
The data  fo r  t o t a l  mean number of  f r u i t  per p lan t  and
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Table 9. H e r i t a b i l i t y  e s t im a te s  f o r  e a r ly  f r u i t  weight and f r u i t  
number f o r  e a r ly  y i e l d  f o r  a c ross  L401 X L414.
Character H e r i t a b i l i t y  es t im ates*
Weight of  Early F r u i t  Yield 48.00
Number of  Early F r u i t  Yield 79.00
* From F£ and backcross p rogenies .
Table 10. H e r i t a b i l i t y  e s t im a te s  f o r  e a r ly  f r u i t  weight  and f r u i t  
number f o r  a c ross  VF65-433 X L401.
Character H e r i t a b i l i t y  e s t im ates*
Weight o f  Early F r u i t  Yield -28.00
Number o f  Early F r u i t  Yield -77.00
* From F  ̂ and backcross p rogenies .
Table 11. Comparison of mean weight and number of fruit per plant for second harvest
of Fj tomato hybrids and parents in Spring, 1979.
Parents  or 
Fj hybrid
Mean weight of 
f r u i t  per p l a n t  (kg)
Mean number of  
F r u i t  per  P lan t
VF65-433 3.1 a 56.3 a
VF65-433 X L401 Fj 2.8  a 44.2 a
L401 X L414 F1 2.4 a 30.6 b
L401 2.3  b 30.0 b
L414 1.8 c 20.1 c
* Mean sepa ra t io n  by Duncan's Mult iple  Range Test  a t  .05 level  o f  p r o b a b i l i t y .
Table 12. Comparison of number of red fruit from the second harvest of F tomato
hybrids and parents in Spring, 1979. 1
Parent  or 
Fj hybrid
Mean number o f  red 
f r u i t s  per p lant Grouping*
VF65-433 X L401 Fj 22 a




* Means separa ted  by Duncan's Mult ip le  Range Test  a t  .05 l e v e l .
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mean weight of f r u i t  per p lan t  a re  shown in Tables 13 and 14, 
re s p e c t iv e ly .  'VF65-4331, 'VF65-433' X L402 F ^  and 'VF65-433' X L401 
Fj produced a to ta l  mean number of  f r u i t  per  p lan t  o f  58, 56, 
and 54 f r u i t s ,  r e s p e c t iv e ly ,  which were a l l  s i g n i f i c a n t l y  higher 
than a l l  o ther  t rea tm ents  as shown in Table 13. The trea tments  
with the  lowest numbers o f  f r u i t  per p lan t  were L402, L414, and 
'Beefeater 'having 25, 21, and 18 f r u i t s ,  r e s p e c t iv e ly ,  and these 
were s i g n i f i c a n t l y  lower than a l l  o ther  t rea tm en ts .  The F  ̂
hybrids ,  'VF65-433' X L402 and 'VF65-433'X L401, were comparable 
to the high parent  'VF65-433'and were s i g n i f i c a n t l y  higher than 
the 'VF65-433 'X 'Beefeater 'Fr  L401, 'VF65-433'X L414 Fp  and L401 X 
L414 Fr
A comparison of  mean f r u i t  weight per p lan t  of  parents  and 
Fj hybrids fo r  t o t a l  y i e ld  i s  shown in Table 14. The F̂  hybrids ,  
'VF65-433'X L402 and 'VF65-433'X L401, produced the h ighes t  s i g n i f i c a n t  
y ie ld  of 4.2 kg and 3.7 kg per p la n t ,  r e s p e c t iv e ly ,  and were 
s t a t i s t i c a l l y  s im i la r  to  'VF65-433' X 'Beefeater ' F p  which produced 
an average of  2.7 kg per p lan t .
Parental combination: 'VF65-433' X L4Q1
Frequency d i s t r i b u t i o n  t ab les  of  the  pa re n ts ,  F  ̂ and segregat ing  
progenies were made fo r  to ta l  mean number of  f r u i t  and weight per 
p lan t  fo r  f iv e  c o n t ro l le d  c rosses .  The mean, c o e f f i c i e n t  of  v a r i a b i ­
l i t y ,  and variance of  the  p a ren ts ,  F2 , and backcross progenies 
fo r  the cross 'VF65-433' X L401 are  shown in Table 15 fo r  t o t a l  mean
Table 13. Comparison of mean number of fruit per plant of parents and tomato
hybrids for total yield in Spring, 1979. (Harvests 1 and 2).
Parent  or 
Fj hybrid
Mean number of 
f r u i t  per p lan t Grouping*
VF65-433 58 a
VF65-433 X L402 Fj 56 a
VF65-433 X L401 54 a
VF65-433 X Beefeater  Fj 39 b
L401 39 b
VF65-433 X L414 Fj 39 b




* Means separated by Duncan's Multiple Range Test at .05 level of probability.
Table 14. Comparison of mean weight of fruits per plant of parents and F, tomato
hybrids fo r  t o t a l  y i e ld  in Spring,  1979.*
Parent  or 
Fj hybrid
Mean weight of  
f r u i t s  per  p l a n t  (kgs) Grouping*
VF65-433 X L402 Fj 4.3 a
VF65-433 X L401 Fj 3.7 ab
VF65-433 3.2 b
L401 X L414 Fj 3.1 b
L401 3.1 be
VF65-433 X L414 Fj 3.0 be




* Means separated by Duncan's Multiple Range Test at .05 level of probability.
Table 15. Frequency distribution of tomato plants of parents, Fj, F2 , and backcross
progenies into classes for total mean number of fruit per plant for a
cross VF65-433 (Pj) X L401 (P^) in Spring, 1979.
Class* Number o f  p l a n t s  in each genera t ion
P1 P2 F1 F2 BCPj • bcp2
1 3 5 1 7 7 4
2 5 28 17 51 20 31
3 13 7 13 85 40 32
4 11 8 45 25 28
5 8 2 10 5 7
6 2 3
Population 40 40 40 198 99 105
Mean 58 30 44 51 52 52
C.V. 33.50 37.70 39.60 38.00 38.60 41.40
2s 356.14 128.65 306.88 384.30 407.36 469.98
* Class 1 = mean number o f  f r u i t  per p lan t  fo r  0-20 f r u i t s ;  Class 2 = 21-40 f r u i t s ,  e t c .
C.V. = Coefficient of variability
2s = Variance
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number of f r u i t  per p la n t  and f o r  t o t a l  of s ix  c l a s s e s .  The mean 
f r u i t  number per p lan t  fo r  'VF65-433' was 58 as compared to 30 f r u i t s  
fo r  L401, and t h i s  d i f f e re n c e  was s i g n i f i c a n t .  The mean f r u i t  
number of  the hybrid was 44, as compared to 50 f r u i t s  fo r  the 
Fg. The mean fo r  the  two backcross progenies was 52, which was 
s im i la r  to  the  high paren t  'VF55-433' as shown in Table 12. Most 
of  the  p lan t  d i s t r i b u t i o n  was in c la s s e s  3 and 4, which rep re sen t  
over 40 f r u i t s  per p l a n t .  The F2  d i s t r i b u t i o n  was skewed s l i g h t l y  
toward the high f r u i t  number pa ren t .  The h ighes t  var iances  were 
in the  two backcross progenies.
Frequency d i s t r i b u t i o n  of tomato p lan ts  in to  c la s s e s  fo r  t o t a l
mean f r u i t  weight per p lan t  of 'VF65-433'X L401 i s  shown in Table
16. The means of 'VF65-433' and L401 were 3.1 and 2.3 kg per p l a n t ,  
r e s p e c t iv e ly ,  and these  d i f f e ren c e s  were not s i g n i f i c a n t l y  d i f f e r e n t .  
The backcross to L401 produced the h ighes t  mean f r u i t  weight per 
p lan t  of 4.2 kg. In g ene ra l ,  the c o e f f i c i e n t  of v a r i a b i l i t y  was 
low and the  variance  was h ighes t  in the  backcross to L401. In the 
F2  and the backcross progenies ,  t r a n s g re s s iv e  in h e r i ta n c e  was i n d i ­
ca ted .  In each of these  progenies ,  the re  were p la n t  segrega tes  
th a t  had much higher mean f r u i t  weight per p lan t  than the h ighes t  
paren t .
Parental  combination: 'VF65-4331 X L402
Frequency d i s t r i b u t i o n  of tomato p lan ts  of the  p a re n ts ,  Fj ,
F2 , and backcross progenies in to  c la s se s  fo r  t o t a l  mean number
Table 16. Frequency distribution of tomato plants into classes for total
mean fruit weight per plant of the parents, Fj, F?, and backcross
progenies for the cross VF65-433 (Pj) X L401 (P21.
Class* Number o f  p lan ts  in each generat ion
P1 P2 F1 F2 BCPj bcp2
1 5 2 2 5 4 2
2 3 6 8 45 0 15
3 7 16 13 35 15 16
4 9 12 6 60 20 32
5 13 4 3 40 18 20
6 3 3 25 15 10
7 3 15 14 2
8 2 12 4
9 5
10
Population 40 40 40 225 103 101
Mean (kg) 3.1 2.3 2.8 3.4 3.3 4.3
C.V. 36.0 43.5 49.4 39.5 41.1 43.8
s 2 6.1 4.8 9.8 9.0 8 .9 17.0
* Class 1 = 0-0 .9  kg per p l a n t ;  Class 2 = 1 .0 -1 .8  kg per p l a n t ,  e tc .
C.V. = Coefficient of variability
2s = Variance
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of  f r u i t  per p lan t  fo r  a cross 'VF65-433' X L402 i s  shown in Table
17. The mean number of f r u i t  per p lan t  fo r  'VF65-433' was 56 and 
fo r  L402, 25. The progeny mean o f  the  F p  F p  and backcrosses 
to'VF65-433'were 56, 51, and 55, r e s p e c t iv e ly ,  and these  were 
comparable to the  high paren t  'VF65-4331. The progeny mean fo r  the 
backcross to L402 was 46 f r u i t  per p lan t  which was in te rmedia te  
between the two pa ren ts .  Variances were very high in most progenies ,  
in d ic a t in g  environmental in f luences  on the individual  p l a n t s .  In 
genera l ,  th e re  were a la rge  number of  p lan ts  in the  F̂  and backcross 
progenies t h a t  had a la rg e  number of f r u i t ,  and there  was some 
in d ic a t io n  of t r a n s g re s s iv e  in h e r i ta n c e .
Frequency d i s t r i b u t i o n  of  tomato p lan ts  of the  p a re n ts ,  F p  
FgS and backcross progenies in to  c la s se s  fo r  t o t a l  mean f r u i t  
weight per p lan t  fo r  a cross  'VF65-4331 X L402 i s  presented in Table
18. The means of the  two parents  were 3.1 kg fo r  'VF65-433' and
2.2 kg per p lan t  fo r  L402. These two mean values were s i g n i f i c a n t l y  
d i f f e r e n t .  The mean of the F p  F£, and backcross to 1VF65-433' 
and L402 were 4 .3 ,  3 .8 ,  3 .9 ,  and 4.2 kg per p l a n t ,  r e s p e c t iv e ly ,  
and a l l  these  values were higher than the h ighes t  p a r e n t 'VF65-433'. 
Parental  combination: 'VF65-433' X L414
Frequency d i s t r i b u t i o n  of  tomato p lan ts  of the  p a re n ts ,  F p  
F p  and backcross progenies in to  c la sses  fo r  to ta l  mean number 
of f r u i t  per p lan t  fo r  a cross 'VF65-433' X L414 is  presented in 
Table 19. The mean f r u i t  number was 58 for'VF65-433'and 20 fo r  
L414. The d i f fe ren c e  between these means was s i g n i f i c a n t .  The
Table 17. Frequency distribution of tomato plants of parents, Fj, F2 , and
backcross progenies into classes for total mean number of fruit per
plant for a cross VF65-433 (P^) X L402 ( )  in Spring, 1979.
Class* Number of Plants in each generat ion
P1 P2 F1 F2 BCPj bcp2
1 3 9 12 6 8
2 5 28 10 54 17 30
3 13 3 16 70 43 42
4 11 6 44 20 15
5 8 7 16 10 6
6 1 4 3
Population 40 40 40 200 99 101
Mean 58 25 56 51 55 46
C.V. 33.5 37.2 37. 2 42. 9 39.6 39.6
s2 356.1 93.2 442. 6 488. 3 467.9 337.0
* Class 1 = 0-20 f r u i t s ;  Class 2 = 21-40 f r u i t s ,  e tc .
C.V. = Coefficient of variability
2s = Variance
Table 18. Frequency distribution of tomato plants of the parents, Fj, F2 ,
and backcross progenies into classes for total mean fruit weight
per plant for the cross VF65-433 (Pj) X L402 (P2 ) in Spring, 1979.
Class* Number o f plants  in each genera t ion
P1 P2 F1 F2 BCPj bcp2
1 5 1 0 5 2 3
2 3 13 0 13 4 5
3 7 16 4 41 12 13
4 9 7 10 42 21 25
5 13 3 11 28 18 24
6 3 7 34 18 14
7 3 17 20 10
8 3 12 3 3
9 2 3 0 1
10 1 2 1
Population 40 40 40 196 100 99
Mean (kg) 3.1 2.2 ' 4 . 3 3.8 3.9 4.2
C.V. 36 37.5 34.4 42.5 39.7 38.6
s ? 6.0 3.2 10.5 12.7 11.7 13.1
* Class 1 = 0-0 .9  kg per p la n t ;  Class 2 = 1 .0 -1 .8  kg per p l a n t ,  e t c .
C.V. = C o e f f ic ien t  o f  v a r i a b i l i t y
?s = Variance
Table 19. Frequency distribution of tomato plants of parents, Fj, F£, and back-
cross progenies into classes for total mean number of fruit per plant
for a cross VF65-433 (Pj) X L414 (P2 ) in Spring, 1979.
Class* Number of  p lan ts  in each genera t ion
P1 P2 F1 F2 BCPj bcp2
1 3 18 3 34 10 14
2 5 22 19 70 32 50
3 13 15 66 39 26
4 11 2 20 12 6
5 8 2 7
6 1
Population 40 40 40 192 100 96
Mean 58 20 39 38 45 37
C.V. 33.5 37.7 42.3 48.0 45.0 40.3
s 2 356.1 51.5 267.5 333.1 403.5 216.6
* Class 1 = 0-20 f r u i t s ;  Class 2 = 21-40 f r u i t s ,  e tc .
C.V. = Coefficient of variability
2s = Variance
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mean of  the  hybrid was 39, which was in te rm edia te  to the  two 
pa ren ts .  The mean f r u i t  number per p lan t  fo r  the  genera t ion  
was 38, but fo r  the  backcross to 'VF65-433' i t  was 45, and the 
backcross to L414 was 37.
Frequency d i s t r i b u t i o n  of  tomato p lan ts  of  the pa re n ts ,
F^, F̂ , and backcross progenies in to  c la s s e s  f o r  the  t o t a l  mean 
weight of f r u i t  per  p la n t  fo r  a cross  'VF65-433' X L414 i s  shown 
in Table 20. The mean f r u i t  weight per p lan t  fo r  'VF65-433' was 
3.1 kg, and 1.9 kg f o r  L414, and t h i s  d i f fe re n c e  was s i g n i f i c a n t .  
The Fj mean of 3.0 kg of  f r u i t  per p lan t  was s im i la r  to the  mean 
of  the high parent 'VF65-433'. The mean weight of f r u i t  per  p lan t  
fo r  the  F  ̂ was 2.5 kg, which was in te rmedia te  to the  two pa ren ts .  
The backcross to 'VF65-4331 had a mean weight per p lan t  of 3.1 kg, 
and the  backcross to L414 had the  h ighes t  mean f r u i t  weight per 
p lan t  of  3.8 kg.
Parental  combination: 'VF65-4331 X 'Beefeater '
Frequency d i s t r i b u t i o n  o f  tomato p lan ts  o f  the p a re n t s ,  F p  
F^ and backcross progenies in to  c la s s e s  fo r  t o t a l  mean number 
of  f r u i t  per p lan t  fo r  a c ross  'VF65-4331 X 'Beefeater '  i s  shown in 
Table 21. The pa ren t ,  'Beefeater1, produces a l a rg e ,  o b la te  f r u i t  
which i s  genera l ly  not very productive  in Louisiana.  The mean 
f r u i t  number per p lan t  fo r  VF65-433'was 58, as compared to 18 
fo r  'Beefeater1. The F  ̂ hybrid had a mean f r u i t  number of 39, 
which i s  in te rm edia te  to  the  pa ren ts .  The F̂  had a mean of 42 
f r u i t  per p lan t  showing some skewed d i s t r i b u t i o n  toward the
Table 20. Frequency d i s t r i b u t i o n  of  tomato p lan ts  of  the  parents,  Fi ,  F2 , anc'
backcross progenies in to  c la sses  fo r  t o t a l  mean weight of f r u i t
per p lan t  fo r  a cross VF65-433 (Pj) X L414 (P^) in Spring, 1979.
Class* Number of  p lan ts in each generat ion
P1 P2 F1 F2 BCP1 bcp2
1 5 3 2 17 4 5
2 3 14 3 48 15 2
3 7 21 11 45 26 15
4 9 1 17 45 21 22
5 13 1 4 22 18 25
6 3 1 11 10 16
7 1 2 2 7
8 0 2 3
9 1 2
10
Population 40 40 40 190 100 95
Mean (kg) 3.1 1.9 3. 0 2.5 3.1 3.8
C.V. 36.0 34.3 48. 5 48.8 48.6 38.8
s2 6.0 1.8 10. 2 7.4 11.1 10.4
* Class 1 = 0-0 .9  kg per p lan t ;  Class 2 = 1 .0-1.8 kg per p la n t ,  e tc .
C.V. = Coefficient of variability
2s = Variance
Table 21. Frequency distribution of tomato plants of parents, Fi, F£, and backcross
progenies into classes for total mean number of fruit per plant for a cross
VF65-433 (Pj) X Beefeater (P2 ) in Spring, 1979.
Class* Number of  p lants in each genera t ion
P1 P2 F1 F2 BCPj bcp2
1 3 26 5 16 6 28
2 5 13 20 78 26 66
3 13 10 68 33 18
4 11 1 3 24 24 2
5 8 2 6 8
6
Population 40 40 40 192 97 114
Mean 58 18 39 42 50 30
C.V. 33.5 70.1 45. 9 40.4 38.8 48.3
2s 356.1 167.6 315. 0 293.9 397.7 210.4
* Class 1 = 0-20 f r u i t s ; Class 2 = 21--40 f r u i t s , e tc .
cn
CJl
C.V. = C o e f f ic ie n t  of  v a r i a b i l i t y  
s2 = Variance
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'Beefeater' parent. The backcross to 'VF65-433' produced a mean
number of  f r u i t  per p lan t  of  50, as compared to 30 fo r  the  back-
cross  to 'Beefeater' . The variances were genera l ly  high in a l l  
cases.
Frequency d i s t r i b u t i o n  of  tomato p lan ts  of  the p a re n ts ,  F^,
F2> and backcross progenies in to  c la s se s  fo r  t o t a l  mean weight
of  f r u i t  per p lan t  a re  presented in Table 22. The mean f r u i t  weight
per p lan t  fo r  'VF65-433' was 3.1 kg, as compared to 'B e e fe a te r '  
with 2.2 kg. In gene ra l ,  the mean f r u i t  weight per p lan t  for  
the F2 and both backcross progenies were higher than the h ighes t  
pa ren t ,  'VF65-433'.
Parental  combination: L401 X L414
Frequency d i s t r i b u t i o n  of  tomato p lan ts  in to  c la s se s  fo r  
to t a l  mean number of f r u i t  per p lan t  o f  p a ren ts ,  F^, F2 , and 
backcross progenies fo r  a cross  L401 X L414 i s  shown in Table 
23. The mean f r u i t  number per p lan t  fo r  L401 was 30, as compared 
to 20 fo r  L414. This d i f f e re n c e  was s i g n i f i c a n t .  The F  ̂ produced 
a comparable mean number of f r u i t  per  p la n t  as L401. The F2 and 
two backcrosses had a l a r g e r  mean number of  f r u i t  per p lan t  
than the h ighes t  pa ren t ,  L401. The backcross to L401 produced 
the highes t  mean number of  f r u i t  per p lan t  having an average of 
45 f r u i t s  per p lan t .  There was an in d ic a t io n  of t r a n sg re s s iv e  
segregat ion  in the  backcross to  L401.
Frequency d i s t r i b u t i o n  of  tomato p lan ts  in to  c la s se s  fo r  t o t a l  
mean weight of  f r u i t  per p lan t  of  p a ren ts ,  F^, F2 , and backcross
Table 22. Frequency distribution of tomato plants of the parents, Fi, F2 ,
and backcross progenies into classes for total mean weight of fruit
per plant for a cross VF65-433 (P^) X Beefeater
Class* Number of  p lan ts in each genera t ion
P1 P2 F1 Fz BCP.1 bcp2
1 5 8 1 8 5 4
2 3 12 7 26 3 6
3 7 12 16 52 15 27
4 9 5 7 50 24 32
5 13 3 5 34 22 27
6 3 3 2 14 21 9




Population 40 40 40 190 97 113
Mean (kg) 3.1 2.2 2.7 2.9 3.6 3.3
C.V. 36.0 49.40 40.30 42.30 37.70 39.30
s2 6 .0 5.60 5.90 7.40 9.20 8.20
* Class 1 = 0-0 .9  kg per p l a n t ;  Class 2 = 1 .0 -1 .8  kg per p l a n t ,  e t c .  
C.V. = C o e f f ic ie n t  o f  v a r i a b i l i t y  
= Variance
Table 23. Frequency distribution of tomato plants of parents, Fi, F2 , and back-
cross progenies into classes for total mean number of fruit per plant
for a cross L401 (P^) X L414 (P2 ) in Spring, 1979.
Class* Number of p lan ts  in each generat ion
P1 P2 F1 F2 BCPX bcp2
1 5 18 3 30 3 17
2 28 22 30 94 42 50




Population 40 40 40 199 103 107
Mean 30 20 31 35 45 36
C.V. 37.70 35.7 30.30 38.30 33.20 36.80
s2 128.65 51.54 86.50 179.81 225.85 180.10
* Class 1 = 0-20 f r u i t s ;  Class 2 = 21-40 f r u i t s ,  e tc .
C.V. = C oef f ic ien t  of V a r ia b i l i t y
_2 w . s = Variance
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progenies fo r  a cross  L401 X L414 i s  shown in Table 24. The 
mean f r u i t  weight per p la n t  f o r  L401 was 2.3 kg and 1.7 kg fo r  
L414, and t h i s  d i f f e re n c e  was s i g n i f i c a n t .  The produced an 
average of  2.4  kg per p l a n t ,  as compared to the  F2 with 3.1 kg 
per p lan t .  The backcross to  L414 produced the  h ighes t  mean per 
p lan t  y i e ld  of  4.7 kg. The segrega t ion  in both backcrosses showed 
a considerab le  amount o f  t r a n s g re s s iv e  in h e r i ta n c e .
H e r i t a b i l i t y
H e r i t a b i l i t y  es t im ates  as c a lcu la te d  by the to ta l  variances 
of  the anc* backcross genera t ions  were used to study the port ion  
of  v a r i a t io n  in the  segrega t ing  populat ions t h a t  was due to  gene 
a c t io n .  These es t im ates  were c a lcu la te d  fo r  t o t a l  f r u i t  weight 
and numbers fo r  a l l  ha rves ts  to  determine h e r i t a b i l i t y  fo r  to t a l  
y i e ld  of f r u i t s .  The variance  components of each generat ion 
were used to study the amount of  v a r i a t io n  t h a t  occurred.  The 
data fo r  h e r i t a b i l i t y  and variance  fo r  f r u i t  number a re  presented 
in Table 25. H e r i t a b i l i t y  es t im ates  and variances of  each generat ion 
fo r  t o t a l  f r u i t  weight a re  presented in Table 26.
Estimates of  number of  genes
Estimation of the minimum number of  genes d i f f e r e n t i a t i n g  
a p a r t i c u l a r  ch a rac te r  by the Cast le  and Wright formula (8) 
was used to study mode of in h e r i ta n c e .  These data  fo r  gene e s t i ­
mations a re  presented in Table 27. In gen e ra l ,  the  data  in Table 
27 show small d i f f e ren c e s  in gene number fo r  f r u i t  weight, but
Table 24. Frequency distribution of tomato plants of the parents, Fi, F2 , and
backcross progenies into classes for total mean fruit weight per
plant for a cross L401 (Pj) X L414 (P2 ) in Spring, 1979.
Class* Number of  p lan ts in each genera t ion
P1 P2 F1 F2 BCPj bcp2
1 2 3 0 14 3 4
2 6 14 9 24 0 3
3 16 21 22 31 5 10 '
4 12 1 5 50 12 15
5 4 1 3 45 14 18
6 1 25 16 15




Population 40 40 40 194 104 110
Mean (kg) 2.3 1.9 2.3 3.1 2.8 4.7
C.V. 43.50 34.30 32.90 43.60 93.20 36.80
s2 4.70 1.80 3.00 9.30 33.80 14.50
* Class 1 = 0-0 .9  kg per p l a n t ;  Class 2 = 1 .0 -1 .8  kg per p l a n t ,  e t c .
C.V. = Coefficient of variability
2s = Variance
Table 25. Comparison o f  var iances  and h e r i t a b i l i t y  es t im ates  fo r  mean weight 
o f  f r u i t  per  p l a n t  in s ix  g ene t ic  populat ions of  tomatoes in Spring,  
1979.
Cross Variances
P1 P2 F1 P2 BCPj bcp2 H*
VF65-433(P1) X 
L401(P2) 1 6 .0 4.7 9.8 9.0 8.4 17.0 -60 .0
V F e s ^ s C P . )  x
L402(P2) 1 6.0 3.2 10.5 12.7 11.7 13.1 5.0
VF65-433(P,) X 
L414(P2) 1 6.0 1.8 10.2 7.4 11.1 10.4 -91 .0
VF65-433(Pi) X 
B eefea te r(P2) 6.0 5.6
*
5.9 7.4 9.2 8.2 -36 .0
L401(P,) X 
L414(P2) 4.7 1.8 3.0 9.3 3 .8 14.4 4.3
* H represents the heritability estimate expressed in percent.
Table 26. Comparison of  variances  and h e r i t a b i l i t y  es t im ates  fo r  number o f  f r u i t  
per p lan t  in s ix  gene t ic  populat ions of  tomatoes in Spring,  1979.
Cross Variances fo r  each generat ion
P1 P2 F1 P2 BCP1 bcp2 H*
VF65-433(P1) X 
L401(P2 ) 1 356.1 128.6 306.8 734.4 737.6 801.3 4.7
VF65-433(P1) X 
L402(P2 ) 1 356.1 93.2 442.6 488.3 467.9 337.0 35.0
VF65-433( P1) X 
L414(P2 ) 1 356.1 51.5 267.5 333.1 403.5 216.6 13.0
VF65-433(Pi) X 
Beefeater(P2 ) 356.1 167.7 315.0 293.9 379.7 210.4 -0.7
L401(P1) X 
L414(P2 ) 128.6 51.5 86.5 331.0 544.4 394.0 -83.5
* H represents the heritability estimate expressed in percent.
Table 27. Estimation of the minimum number of genes for fruit number and fruit weight
of fruits produced per plant for different tomato crosses in Spring, 1979.
Minimum number o f  genes*
Cross F r u i t  weight F ru i t  number
VF65-433 X L401 0.02 0.11
VF65-433 X L402 0.30 2.87
VF65-433 X L414 0.37 2.59
VF65-433 X Beefeater 0.44 9.43
L401 X L414 0.12 0.15
* Cast le  and Wright Formula
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la rge  d i f fe ren c e s  fo r  f r u i t  numbers. In the c ro s s ,  'VF65-433' X 
'Beefeater1, the  minimum number genes fo r  f r u i t  number was nine.
Nature of  gene ac t ion
The nature  of gene ac t ion  fo r  mean number and weight of  
f r u i t  per p lan t  was evaluated  by comparing observed means of 
the F^, F p  and backcross genera t ions  with the  expected c a lcu la ted  
a r i th m e t ic  and geometric means. Standard e r r o r s  of  the  mean 
d i f fe ren c e s  were used to  t e s t  s ig n i f ic a n c e .  The data  fo r  the 
comparison of the genera t ions  fo r  f r u i t  numbers from f iv e  c rosses  
are  presented in Tables 28 through 32. The F^ observed means 
did not d i f f e r  s i g n i f i c a n t l y  from the ca lcu la te d  F  ̂ a r i th m e t ic  
mean in a l l  c rosses  fo r  mean f r u i t  numbers per p la n t .  The 
observed means were s im i l a r  to the  ca lcu la te d  F2  a r i th m e t ic  mean 
in a l l  c rosses  except f o r  L401 X L414, in which the observed 
mean 19.8 ± 0.9 was s i g n i f i c a n t l y  d i f f e r e n t  from the a r i th m e t ic  
means in a l l  c rosses .  The s i m i l a r t i y  of  the  observed and a r i th m e t ic  
mean of  33.9 ± 6.64. The observed means of  the  backcrosses were 
not s i g n i f i c a n t l y  d i f f e r e n t  from the a r i th m e t ic  means in a l l  c rosses .  
The s i m i l a r i t y  of the observed and a r i th m e t ic  means would ind ic a te  
a d d i t ive  genic e f f e c t s  fo r  the ch a rac te r  c o n t ro l l in g  f r u i t  number.
The observed, a r i th m e t ic ,  and geometric means fo r  f r u i t  
weight followed a s im i la r  trend as f o r  f r u i t  number.
The data  fo r  the f r u i t  weight component of  y i e ld  fo r  f ive  
c o n tro l led  c rosses  are  presented in Tables 33 through 37. There
Table 28. The observed, a r i t h m e t i c ,  and geometric means of  s ix  gene t ic  populat ions







Ari thmetic  




mean d i f f e r e n c e
pi 58.3 ± 2.98
P2 38.6 ± 1.79
F1 53.6 ± 2.76 48.4 ± 11.00 5.2 ± 11.34ns 47.4 6.2
F2 28.6 ± 1.35 50.5 ± 11.71 -21.9 ± 11.78ns 49.9 -21.3
BCP, 29.8 ± 1.92 54.9 ± 12.87 -25.1  ± 13.01ns 40.1 -10.3
BCP- 29.4 ± 1.97 46.1 ± 10.43 -16.7  ± 10.61ns 33.2 -3 .8
cn
Table 29. The observed, arithmetic, and geometric means of six genetic populations




Ari thmeti c 
mean
Arithmetic  




mean d i f f e r e n c e
pi 58.3 ± 2.98
P2 25.9 ± 1.52
F1 56.4 ± 3.32 42.1 ± 10.59 14.3 ± 11.09ns 38.8 17.6
p2 51.4 ± 1.57 48.7 ± 12.91 2.7 ± 13.00ns 46.4 5.0
BCPj 54.5 ± 2.17 56.3 ± 14.13 1.8 ± 14.29ns 53.7 0.7
bcp2 46.3 ± 1.82 41.1 ± 11.57 5.2 ± 11.71ns 36.4 9.9
cr>
or
Table 30. The observed, arithmetic, and geometric means of six genetic populations






Ari thmetic  




mean d i f f e r e n c e
pi 58.3 ± 2.98
P2 21.4 ± 1.13




_ 38.0 ± 1.32 38.7 ± 10.85 0.7 ± 10.93ns 36.6 1.4
BCPj 44.5 ± 2.00 47.4 ± 12.48 2.9  ± 12.63ns 46.2 -1 .7
bcp2 36.5 ± 1.51 30.0 ± 8.93 6.5  ± 9.05ns 28.5 8 .0
CTl
Table 31. The observed, arithmetic and geometric means of six genetic populations











mean d i f f e r e n c e
pi 58.3 ± 2.98
P2 18.4 ± 1.79
F1 38.6 ± 2.76 38.3 ± 11.00 0.3  ± 11.34ns 32.7 5.9
p2 42.4 ± 1.25 37.9 ± 11.71 4 .5  ± 11.77ns 35.2 7.2
BCP, 50.1 ± 1.97 47.4 ± 12.95 2.7 ± 13.09ns 48.8 1.3
bcp2 29.9 ± 1.36 28.5 ± 10.98 1.4 ± 11.06ns 27.9 2.0
cn
00
Table 32. The observed, arithmetic, and geometric means of six genetic populations











mean d i f fe re n c e
pi 38.6 ± 1.79
P2 21.4 ± 1.13
F1 37.9 ± 1.47 30.0 ± 6.71 7.9  ± 6.86ns 28.7 9.2
F2 19.8 ± 0.90 33.9 ± 6.64 14.1 ± 6.70* 33.0 -13.2
BCP, 24.8 ± 1.62 38.2 ± 7.33 13.4 ± 7.50ns 27.6 -2 .8
bcp2 19.1 ± 1.35 29.6 ± 5.87 10.5 ± 6.02ns 20.5 -1 .4
* Significant at .05 level of probability
Table 33. The observed, arithmetic, and geometric means of six genetic populations











mean d i f fe re n c e
pi 3.1 ± 0.175
P2 2.2 ± 0.155
F1 3.7 ± 0.224 3.1 ± 0.739 0.6 ± 0.771ns 3.1 0.6
F2 1.9 ± 0.089 3.4 ± 0.879 1.5 ± 0.680ns 3.4 1.5
BCP, 1.9 ± 0.121 3.4 ± 0.898 1.5 ± 0.680ns 2.4 0.5
bcp2 2.4 ± 0.164 3.3 ± 0.861 0.9 ± 0.408ns 1.0 1.4
o
Table 34. The observed, arithmetic, and geometric means of six genetic populations











mean d i f fe ren c e
pi 3.1 ± 0.175
P2 2.2 ± 0.127
F1 4.3 ± 0.232 2.7 ± 0.684 1.6 ± 0.721* 2.6 1.5
F2 3.8 ± 0.115 3.4 ± 0.879 0.4 ± 0.884ns 3.3 0.5
BCP, 3.9 ± 0.155 3.7 ± 0.920 0.2 ± 0.929ns 3.4 0.5
bcp2 4.2 ± 0.163 3.2 ± 0.839 1.0 ± 0.852ns 2.8 1.4
* Significant at .05 level of probability
Table 35. The observed, arithmetic, and geometric means of six genetic populations
of tomato for mean fruit weight for a cross VF65-433 (Pj) X L414 ( ) -
Observed Ari thmetic  Arithmetic  Geometric Geometric
Generation mean mean mean d i f fe ren c e  mean mean d i f f e r e n c e
P1 3.1
+ 0.175
P2 1.9 i 0.096
F1 2.9
T 1.315 2.5 ± 0.630 0.4 ± 0.667ns 2.4 0.5
F2 2.5
+ 0.089 2.8 + 0.934 0.3 ± 0.934ns 2.7 0.2
BCPj 3.1 + 0.151 3.1 ± 0.911 0.0 ± 0.920ns 2.8 , 0.3
bcp9 3.8 + 0.150 2.4 ± 0.784 1.3 + 0 . 784ns 2.2 1.6
Table 36. The observed, arithmetic, and geometric means of six genetic populations
of tomato for mean fruit weight for a cross VF65-433 (P^) X Beefeater (P2 )•
Observed Ari thmetic  Arithmetic  Geometric Geometric
Generation mean mean mean d i f f e r e n c e  mean mean d i f f e r e n c e




+ 0.174 2.6 + 0.771 0.1 + 0.789ns 2.6 0.1
F2 2.9 ± 0.089 2.6
+ 0.775 0.3 + 0.780ns 2.7 0.2
BCPj 3.6 + 0.139 2.9 + 0.780 0.7 + 0.789ns 3.0 0.6
BCP2 3.3 + 0.122 2.5 + 0.766 0.8 + 0.775ns 2.5 0 .8
Table 37. The observed, arithmetic, and geometric means of six genetic populations











mean d i f fe ren ce
P! 3.0 ± 0.155
P2 1.9 ± 0.096
F1 3.0 ± 0.123 2.5 ± 0.576 0.5  ± 0.585ns 1.8 1.2
F2 1.8 ± 0.084 2.7 ± 0.566 0 .9  ± 0.567ns 2.7 -0 .9
BCP, 2.9 ± 0.184 3.0 ± 0.870 0.1 ± 0.889ns 2.3 0.6
bcp2 2.5 ± 0.174 2.5 ± 0.494 0.0  ± 0.521ns 1.8 0.7
4^
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was only one s i g n i f i c a n t  value c a lcu la te d  fo r  a f r u i t  weight 
mean d i f fe ren c e  in the  cross  'VF65-433' X L402. The observed 
means were not s i g n i f i c a n t l y  d i f f e r e n t  from the a r i th m e t ic  means 
in o ther  c ro sse s .  The anc* backcross observed means were s t a t i s t i ­
c a l l y  s im i la r  to the  a r i th m e t ic  means in a l l  f iv e  c rosses  fo r  
mean f r u i t  weight per p lan t .
DISCUSSION OF RESULTS
A knowledge of the  genet ic  basis  o f  inh e r i tan ce  and nature  
of gene ac t ion  i s  important  to  the  development of planned 
programs o f  crop improvement. The methods in which genotype, 
environment, and t h e i r  i n t e r a c t io n  a f f e c t  the s e l e c t io n  
progress in a breeding program have been well documented, 
but poorly defined.  Since the advances in a tomato breeding 
program depend on the r e l a t i o n s h ip  of  genet ic  and environmental 
v a r i a t io n s  on h o r t i c u l t u r a l  c h a r a c t e r i s t i c s ,  t h i s  study 
was i n i t i a t e d  in 1978 to  study the magnitude of genet ic  
v a r i a b i l i t y  on ea r ly  and t o ta l  y i e ld  among several  tomato 
c rosses .
Both ea r ly  and t o t a l  y i e ld  have been reported  to be 
q u a n t i t a t iv e  cha rac te r s  (3, 5, 10, 11, 32, 33, 34, 49, 50, 51). 
Q uan t i ta t ive  c h a rac te r s  are  assumed to be under the  control  of 
several  genes with indiv idual  e f f e c t s ,  small in comparison 
with those  caused by the environment (13, 29). The means 
fo r  analyzing and i n t e r p r e t i n g  v a r i a b i l i t y  in q u a n t i t a t iv e  
in h e r i tance  are  not  as well developed as they are  fo r  q u a l i t a t i v e  
ch a rac te r s .
Results of the r e p l i c a te d  t e s t s  comparing tomato hybrids 
and parents  in Tables 3 and 4 show t h a t ,  in genera l ,  the 
hybrids were equal to the ea r ly  parent  L401 in e a r ly  f r u i t  weight. 
These r e s u l t s  agree with o ther  i n v e s t ig a to r s  t h a t  show e a r l in e s s
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as a dominant t r a i t .  Early f r u i t i n g  as measured by number of 
r ip e  f r u i t  on a c e r t a i n  da te  showed p a r t i a l  dominance in the 
and backcrosses.  In the cross 'VF65-433' X L401, where the 
parents  demonstrated some d i f f e r e n c e s ,  the and F  ̂ means 
were l a r g e r  than the  mean o f  e i t h e r  parent .  In a l l  c ros ses ,  
the  F  ̂ mean was s i g n i f i c a n t l y  l a r g e r  than the lower parent  
r eg a rd le ss  of  the d i f f e ren c e s  between the pa ren ts .  The p lan t  
frequency d i s t r i b u t i o n s  fo r  e a r ly  m atur i ty  o f  the  F  ̂ and back- 
cross  genera t ions  exceeded the  range of  e i t h e r  parent  in ea r ly  
f r u i t  weight. The c la s s e s  of  range in number of  f r u i t  or  weight 
per c la s s  was determined by computer a n a ly s i s ,  but was found 
to  be la rg e  fo r  t h i s  study.
Young (51) reported  th a t  e a r l in e s s  in the  tomato was sub jec t  
to  f a c to r s  o th e r  than g ene t ic .  The r e s u l t s  of  t h i s  experiment 
as ind ica ted  by the high variance components obtained in the 
parent  as compared to the  segrega t ing  populations fo r  ea r ly  
y i e ld  concur with Young's s t u d ie s .  The measurement of environ­
mental inf luence  varied  g r e a t ly  between the two crosses used 
to  study e a r ly  m atur i ty .  This was demonstrated when h e r i t a b i l i t y  
es t im ates  fo r  genet ic  in f luence  produced moderate to high 
es t im ates  fo r  e a r ly  y i e l d  components of the cross L401 X L414, 
and there  was no measurement of  genet ic  inf luence  on ea r ly  
y i e ld  components of  the  cross 'VF65-433' X L401. This was poss ib ly  
a f fe c te d  s ince the d i f fe ren c e s  between the two parents  were not
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l a rg e .  Results  of  s tu d ie s  of several  workers (17, 21, 47) 
have shown t h a t  the h e r i t a b i l i t y  values obtained depend upon 
the s p e c i f i c  parenta l  mater ia l  and environmental condi t ions  
t h a t  p reva i led .  Individual  p lan t  s e l e c t io n s  f o r  e a r ly  
m atur i ty  may be f e a s i b l e  fo r  parents  t h a t  d i f f e r  g r e a t ly  in 
m atur i ty  d a te s ,  such as L401 and L414. The l a t e  maturing 
paren t  L414 produced s i g n i f i c a n t l y  l e s s  ea r ly  r ip e  f r u i t  than 
the Fj hybrids and the e a r ly  paren t .  These data  s u b s ta n t i a t e  
f indings  t h a t  e a r l i n e s s  i s  a h e r i t a b l e  c h a rac te r  and can be 
useful  in breeding programs.
Data fo r  t o t a l  y i e ld  and f r u i t  numbers showed th a t  the 
parents  d i f f e r e d  in combining a b i l i t y  as shown in Tables 13 
and 14. The amount o f  h e te ro s i s  expressed was d i f f e r e n t  among 
the Fj hybrids in re sp ec t  to  f r u i t  numbers and f r u i t  weight.
This could be due p a r t l y  to the  number of  genes involved in 
the control  of  these  c h a ra c te r s .  Several workers (18, 22, 23) 
repor ted  t h a t  the  f r u i t  number c h a rac te r  i s  probably c o n tro l led  
by over s ix  genes and f r u i t  weight by over ten genes. In t h i s  
study i t  was found t h a t  the re  were as many as nine genes c o n t ro l l in g  
y i e ld  in the cross  'VF65-433' X 'Beefeater1, but much fewer genes 
were est imated in o ther  c rosses .  I t  was found t h a t  t h i s  c h a rac te r  
fo r  y i e ld  i s ,  in gen e ra l ,  highly influenced by environment and 
i t  has been s im i la r ly  repor ted  by o ther  workers (17, 18, 21, 51).
The high variance components obtained in the  F  ̂ and the  parents
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ind ica ted  a high in f luence  by environment. Var ia t ions  occurring 
within  an hybrid of homozygous l in e s  would be p r im ar i ly  due 
to environmental in f luences .
The study of  t o t a l  y i e ld  in t h i s  experiment as measured 
by number and weight o f  tomato f r u i t s  showed a g re a t  deal of 
v a r i a b i l i t y .  The d i f f i c u l t y  of  s tudying y i e ld  has been reported 
by several  o ther  workers in o ther  crops (2, 17, 21, 47). 
Q u a n t i ta t iv e  c h a r a c t e r s ,  such as y i e l d ,  a re  assumed to be 
under the control  of numerous polygenes with individual  e f f e c t s  
r e l a t i v e l y  small in comparison with those  caused by the  environ­
ment (13). Allard (1) proposed t h a t  the e f f e c t s  of individual  
genes of  a q u a n t i t a t i v e  ch a rac te r  were not as important  as 
the  r e l a t i v e  e f f e c t  of h e red i ty  and environment in producing 
the  f in a l  phenotype. The key to progress in the  ana lys is  of 
q u a n t i t a t i v e  charac te r s  i s  in eva lua t ing  the r e l a t i v e  c o n t r i ­
bution of  these  causal agents  in v a r i a b i l i t y  (1, 13, 31).
With the  complicating f a c to r  of  environmental in f luence  in 
mind, the frequency d i s t r i b u t i o n  of  the p lan ts  in the  progenies 
o f  f iv e  crosses  fo r  f r u i t  number c h a r a c t e r i s t i c  produced a 
skewness in the backcross toward high f r u i t  number in four  out of 
f iv e  cases ,  which was s im i la r  to the high parent  ind ic a t in g  
some genet ic  in f luence .  In the s tud ies  of in h e r i tan ce  o f  e a r l i -  
ness ,  there  was a f a i r l y  high h e r i t a b i l i t y  value of .79 for  
f r u i t  number; but ,  f o r  f r u i t  weight,  i t  was .48. H e r i t a b i l i t y
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of  t h i s  c h a rac te r  fo r  t o t a l  y i e ld  was masked by a st rong 
environmental in f luence  which re s u l te d  in a negat ive  value.  
H e r i t a b i l i t y  es t im ates  fo r  f r u i t  number in the  in h e r i tan ce  
of  e a r l in e s s  was of  much higher magnitude than es t im ates  fo r  
f r u i t  weight.
A hypothesis  r e f e r r e d  to as the  Multiple  Factor Hypothesis 
proposed by East (40) s t a t e s  t h a t  many aspec ts  of  q u a n t i t a t iv e  
in h e r i ta n c e  may be accounted fo r  on the bas is  of  the ac t ion  
and the segrega t ion  o f  a number of  a l l e l i c  p a i r s  having dup l ica te  
and cumulative e f f e c t s  without complete dominance. A fundamental 
idea in the  hypothesis  i s  t h a t  genes control  the  q u a n t i t a t iv e  
c h a ra c te r s .  The ind iv idua l  con tr ib u t io n s  a re  usua l ly  obtained 
by the  e f f e c t s  of the  genotype and the inf luence  of the environ­
ment. A basic  assumption in q u a n t i t a t i v e  in h e r i tance  i s  a d d i t iv e  
gene ac t io n .  Gene s u b s t i t u t i o n  may be a r i th m e t ic  or  geometric 
in i t s  e f f e c t s .  Arithmetic  e f f e c t s  a re  those in which the genes 
seem to c o n t r ib u te  t h e i r  e f f e c t s  by adding or su b t rac t in g  
cons tan t  amounts. Geometric e f f e c t s  are  con tr ibu ted  by m u l t i ­
plying or d iv id ing  the  e f f e c t s  of the  res idua l  genotype by 
some constan t  amount. Results obtained in t h i s  study show 
t h a t  f r u i t  number and f r u i t  weight are  in h e r i te d  on an a d d i t iv e  
sc a le .  The mean d i f fe ren c e s  of a r i th m e t ic  means and observed 
means were n o n s ig n i f ic an t  in four out o f  f ive  c rosses  fo r  f r u i t  
number and f r u i t  weight. These r e s u l t s  d i f f e r  from the r e s u l t s
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obtained by Powers (34) and G r i f f ing  (17) who reported  t h a t  
y i e ld  components, such as f r u i t  weight and number, were geometr i­
c a l ly  i n h e r i t e d .  The major d i f f e re n c e  in t h e i r  s tu d ie s  and 
t h i s  study was in the  paren ta l  mater ia l  used. In t h i s  experiment, 
the  parental  l in e s  were of the  same species  and commercial type.
The knowledge of  the  number of genes involved in the 
expression of a c h a r a c t e r i s t i c  i s  useful in expla in ing  q u a n t i ­
t a t i v e  c h a ra c te r s .  An es t im ate  of the  number of genes in t h i s  
study revealed t h a t  a lo g ica l  e s t im ate  of  genes segregat ing  
the parents  could be made when the paren ta l  l in e s  were s i g n i ­
f i c a n t l y  d i f f e r e n t .  Several workers (22, 27) have reported  t h a t  from 
s ix  to e ighteen genes contro l  f r u i t  weight and as many as twenty 
control  f r u i t  number.
In c e r t a in  c rosses  i t  was i n t e r e s t i n g  to  observe th a t  
the re  were segrega tes  in the  and backcross genera t ions  th a t  
produced very la rge  y i e l d s .  In genera l ,  i t  was found th a t  
s e l e c t io n  fo r  y i e ld  in the and backcross genera t ions  is  
ques t ionab le ;  however, i t  i s  suggested t h a t  only p lan ts  having 
high y ie ld  with good h o r t i c u l t u r a l  c h a rac te r s  be se lec ted  and 
massed.
SUMMARY AND CONCLUSIONS
An experiment was conducted to determine the genet ic  and 
environmental in f luences  on e a r ly  and to ta l  y ie ld  in segrega t ing  
populat ions o f  several  tomato c rosses .  Both o f  these  c h a rac te r s  
have been previous ly  repor ted  as q u a n t i t a t i v e l y  in h e r i te d  with 
st rong in f luences  from the  environment.
Early m atur i ty  s tudy:
1. The hybrids produced as many e a r ly  f r u i t  as the 
ea r ly  paren t .
2. Early f r u i t i n g  as measured by number of  r ipe  f r u i t  a t  
an e a r ly  da te  showed p a r t i a l  dominance in the and backcross 
p rogen ies .
3. The p lan t  frequency d i s t r i b u t i o n  fo r  ea r ly  m atur i ty  
of the  anc* backcrosses exceeded the range o f  e i t h e r  parent  
in ea r ly  f r u i t  weight i n d ic a t in g  t r a n s g re s s iv e  in h e r i ta n c e .
4. H e r i t a b i l i t y  e s t im ates  fo r  ea r ly  y ie ld  components de­
pended upon the parentaT combination.
5. The cross L401 X L414 gave low moderate to moderate 
es t im ates  fo r  e a r ly  m atu r i ty  and L401 to good breeding parent  
fo r  e a r l i n e s s .
6. H e r i t a b i l i t y  e s t im ates  fo r  the  cross  'VF65-433' X L401 
were a l l  negat ive  values.
7. Individual  p la n t  s e l e c t io n s  fo r  ea r ly  m atur i ty  may be 
f e a s ib l e  only fo r  paren ts  t h a t  d i f f e r  g r e a t ly  in maturing da tes .
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Total y i e l d :
1. Parental  l i n e s  d i f f e r e d  in combining a b i l i t y  fo r  to ta l  
f r u i t  weight and f r u i t  numbers.
2. The amount o f  h e te ro s i s  expressed was d i f f e r e n t  among 
the Fj hybrids in respec t  to  f r u i t  numbers and f r u i t  weight.
3. H e r i t a b i l i t y  was low fo r  to ta l  y i e l d .
4. The e f f e c t  of  environment on y i e ld  was la rge  on the 
'VF65-433' pa ren t  as shown by the  high variance  component.
5. Se lec t ion  fo r  y i e ld  should be by massing the best  
high y ie ld in g  p lan ts  with good h o r t i c u l t u r a l  c h a r a c t e r i s t i c s  
in the  ea r ly  f i l i a l  genera t ions .
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